An Examination of the Seed Rain and Seed Bank and Evidence of Seed Exchange Between a Beech Gap and a Spruce Forest in the Great Smoky Mountains by Pavlovic, Noel Bruce
University of Tennessee, Knoxville 
TRACE: Tennessee Research and Creative 
Exchange 
Masters Theses Graduate School 
8-1981 
An Examination of the Seed Rain and Seed Bank and Evidence of 
Seed Exchange Between a Beech Gap and a Spruce Forest in the 
Great Smoky Mountains 
Noel Bruce Pavlovic 
University of Tennessee - Knoxville 
Follow this and additional works at: https://trace.tennessee.edu/utk_gradthes 
 Part of the Life Sciences Commons 
Recommended Citation 
Pavlovic, Noel Bruce, "An Examination of the Seed Rain and Seed Bank and Evidence of Seed Exchange 
Between a Beech Gap and a Spruce Forest in the Great Smoky Mountains. " Master's Thesis, University of 
Tennessee, 1981. 
https://trace.tennessee.edu/utk_gradthes/1433 
This Thesis is brought to you for free and open access by the Graduate School at TRACE: Tennessee Research and 
Creative Exchange. It has been accepted for inclusion in Masters Theses by an authorized administrator of TRACE: 
Tennessee Research and Creative Exchange. For more information, please contact trace@utk.edu. 
To the Graduate Council: 
I am submitting herewith a thesis written by Noel Bruce Pavlovic entitled "An Examination of the 
Seed Rain and Seed Bank and Evidence of Seed Exchange Between a Beech Gap and a Spruce 
Forest in the Great Smoky Mountains." I have examined the final electronic copy of this thesis 
for form and content and recommend that it be accepted in partial fulfillment of the 
requirements for the degree of Master of Science, with a major in Ecology and Evolutionary 
Biology. 
E. E. C. Clebsch, Major Professor 
We have read this thesis and recommend its acceptance: 
H. R. DeSelm, Edward Buckner 
Accepted for the Council: 
Carolyn R. Hodges 
Vice Provost and Dean of the Graduate School 
(Original signatures are on file with official student records.) 
To the Graduate Council: 
I am submitting herewith a thesis written by Noel Bruce Pavlovic 
entitled 11An Examination of the Seed Rain and Seed Bank and Evidence of 
Seed Exchange Between a Beech Gap and a Spruce Forest in the Great 
Smoky Mountains_.' I have examined the final copy of this thesis for 
form and content and recommend that it be accepted in partial fulfill­
ment of the requirements for the degree of Master of Science, with a 
major in Ecology. 
We have read this thesis 
and recommend its acceptance: 
H:./2. Z>�  
£J£v�u-�.IA�/ ;_]c.DcL/.-
"'1 j � r /'I I � l�t\ - /. ·, . {_ LL,{, c 
E. E. C. Clebsch, Major Professor 
Accepted for the Council: 
Vice Chancellor 
Graduate Studies and Research 
AN EXAM I NAT I ON OF THE SEED RA IN AND SEED BANK FOR EV I DENCE 
OF SEED EXCHANGE BETWEEN A BEECH GAP AND A SPRUCE 
FOREST IN THE GREAT SMOKY MOUNTAI NS 
A Thesi s 
Presented for the 
Master of Sc i ence 
Degree 
The Un i vers i ty of Tennessee , Knoxvi l l e  
Noel Bruce Pav l ov i c  
August  1 981  
ACKNOWLEDGMENTS 
I woul d l i ke to express my s i ncerest apprec i a ti o n  for the 
support and encouragement of my major professor , Dr . E .  E. C .  C l ebsch 
throughout thi s s tudy . The g u i da nce and a s s i stance of Dr .  Robert 
Farmer,  Dr . Edward Buckner , and Dr .  Hal DeSel m are greatly apprec i ated . 
D r .  P .  Del court was hel pful i n  con i fer seed i denti f i cati o n . 
Thanks are i n  order for the Graduate Program i n  Ecol ogy that 
provi ded tran sporta tion veh i c l es a nd funds , computer funds , a graduate 
teach i ng ass i s tantsh i p ,  and growth chambers dur i ng th i s  project . The 
permi ss ion  from Dr . Farmer to use the Tennessee Val l ey Authori ty 
greenhouse at  Norri s ,  TN was v i ta l  i n  be i ng abl e to compl ete thi s 
s tudy .  A Mi l l a rd Markl e Award for Fi el d B i o l ogy from Earl ham Col l ege ,  
Ri chmond , IN  contri buted to the  purchase  of  the major i ty of  equi pment 
used i n  th i s  s tudy . Th i s  wor k  wou l d  no t have been poss i bl e  wi thout  
the permi ss ion  and a ss i stance of Don Defoe and the Nati onal Park 
Serv i ce  to conduct fiel d work i n  the Great Smo ky Mounta i ns Nati onal 
Park .  
En l i ghteni ng di scus s i ons wi th Paul Schma l zer, Anne Stocum , and 
Steve Seag l e  were i nva l uabl e i n  devel op i ng  some of the i deas wi thi n  
th i s  manu scri pt and i n  the data ana lys i s . Pau l  and Anne al so hel ped 
i n  the fi el d wor k .  Jorge Ganem was k i nd enough to provide transporta­
ti on to the s tudy s i te for several weeks dur i n g  the summer of 1 979 . 
Thomas Patr i c k  was a bi g hel p i n  i denti fyi ng the sedges a nd rushes . 
Maureen Cunni ngham was ki nd enough to prov ide frequent transporta tion  
i i 
to Norri s, TN and to water the seed ban k  fl a ts i n  the green­
hou s e .  
Mrs . Mari lyn Caponetti was most hel pful i n  provi d i ng advi ce 
on  manuscri pt preparation  a nd i n  typi ng the manuscr i pt a s  wel l .  
I wou l d  l i ke to express  my s i ncerest apprec i a tion  to my 
parents , Arthur and Barbara Pav l ov i c ,  for thei r encourag i ng me to 
fol l ow my own i nterests a nd to Charl i e  and V i rg i n i a  Baer for 
teachi ng me an apprec iati on for the natura l  worl d .  
My deepest  apprec i ation extends to my w ife ,  Sara h ,  who put 
up wi th the h i gh el evation  Smoky • s  weather duri ng her free t ime ,  
numerous attacks by b i rd tangl efoot dur i ng the fiel d work , and 
wi th my l ong hours of study and wr i ti ng . 
i i i  
ABSTRACT 
The vegetati on ,  seed ra i n ,  a nd seed banks were exami ned i n  a 
beech gap and a spruce s tand i n  the h i gh el evat ion Smoky Mounta i ns to 
quanti fy the seed exchanges between these two p l ant  commun i t ies . 
Thi s i nformat ion  i s  of i nterest because these beech gaps are be l i eved 
to be s l owly i nvaded by P i cea rubens a l ong the abrupt boundary 
between the s ta nds . 
Fi ve transects of seed traps were set up perpend i c u l a r  to the 
boundary,  extend i ng i nto each communi ty .  St i c ky a nd gra v i ty traps 
were pl aced at  preset i nterval s a l ong  the transects to co l l ect seed 
ra i n  for one year .  At each seed ra i n  sampl e s i te a soi l core was 
co l l ected to exami ne v i a bl e seeds a nd vege ta ti ve propagul es i n  the soi l .  
The vegetat i on ana lys i s  s howed quanti tat i ve d i fferences ra ther 
than compo s i t i onal  d i fferences between  the tree ca nopi es of the beech 
gap a nd spruce sta nd . The beech gap was domi nated by Fagus grandi ­
fol i a ,  whereas the s pruce sta nd was domi nated by P i cea rubens and 
Betul a l utea . The shrub l ayer a nd herbaceous vegetati on d i ffered 
greatly between these two pl ant communi ti es .  Canopy transects across  
the  boundary demons tra ted a narrow ecotonal  zone rather than  a 
d i s ti nct boundary between the commun i t i es a l though from a d i sta nce the 
boundary appeared s harp . 
The seed ra i n  data s howed s ubstanti a l  seed d i spersa l of Betu l a 
l utea and P i cea rubens and m i n i ma l  d i spersa l of Cacal i a  rugel i a  i nto 
i v  
v 
the beech gap from the spruce stand . Some seeds of Poa a l sodes were 
abl e to di sperse i nto the spruce stand from the beec h gap . Evi dence 
i s  presented showi ng that Eupator i um rugosum wa s d i s persed from the 
C l i ngman 's Dome Road i nto the beech gap a nd pos s i b l y  i n to the spruce 
s tand as wel l . The seed bank data confi rmed the exchange of seeds o f  
these spec i e s  except for Caca l i a  rugel i a .  
The seed bank resul ts agreed wi th other seed ba nk studi es , i n  
the absence of  seeds of l ate succes s i ona l  woody spec i es s uc h  as  Fagus 
grand i fol i a  a nd P i cea rubens . I n  contrast  w ith  most  seed bank s tud i es , 
the seed banks  i n  these communi t i es had a h i gh s imi l a r i ty wi th the 
overlyi ng vegetat i o n .  Mu l ti var i ate analyt i ca l  techn i ques s howed 
s i gn i f icant d i fferences i n  the seed banks between these adjacent p l ant  
commun i ti es .  Rec i procal averag i ng showed a beech gap seed bank spec i es 
gradi ent wh i c h  i s  h i gh ly correl ated wi th samp l e  core s l ope pos i ti o n .  
Thi s seed bank grad i ent i s  probab ly i n  response to a mo i sture topo­
graph i c gradi en t  a ffecti ng the overl yi ng herbaceous spec ies  popu l ati ons . 
The impl i cat ions of the l im i ted seed exchanges between these 
commun i t i es are di scu ssed i n  terms of the pos s i b l e  i nvas i on of the 
s pruce stand vegetat ion i n to the beech gap . The potent i a l  ro l e  of 
seeds s tored i n  the soi l i n  success i on and vegetati on dynam i cs i s  
d i scussed . 
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I NTRODUCTION 
P l ant  ecol og i s ts have for a l ong t ime been i n teres ted i n  the 
ori g i n and mai ntenance of the h i gh e l evat i on beech gaps i n  the Great 
Smoky Mounta i ns Nati onal Park .  These nearly pure stands of Amer ican  
beech form narrow ecotones wi th the adjacent spruce-fi r vegetati on 
(Whi tta ker 1 956 , Schof ie l d 1 960 , and Ful l er 1 977 ) .  Schof i el d ( 1960 ) 
presented evi dence that red spruce was i nvadi ng the beech gaps . 
Wh i ttaker ( 1 967 )  sta ted that s uch narrow ecotones can be found 
i n  some rare c i rcumstances i n  natura l  vegetation ; he bel ieved , how­
ever , that l i fe form di fferences , edaph i c  or geo l og i ca l  di s conti nu i ­
t ies  or h i storical  even ts coul d account  for the exi stence of d i sti nct 
p l ant  commun i ty boundar ies . The stud i es by Wo l fe ( 1 967 ) c l ear ly  
demonstrated tha t edaph i c  a nd geol og i ca l  di sconti n u i t i es were l ack i ng ;  
consequently,  l i fe form di fferences a nd h i s torical  events proba b ly 
account for the d i st i nct  boundaries . 
Wh i ttaker ( 1 967 ) ,  Schofie l d ( 1 960 ) , and Fu l l er ( 1 97 7 )  a l l 
bel i eved that the beech gaps or i g i nated duri ng the Hyps i therma l Per iod 
when plant  commun i t i es were bel i eved to have mi gra ted upslope as  a 
resul t of c l imati c c hange . S i nce the more recent c l imat i c  cool i ng i t  
was bel i eved the cond i t i ons have been favorab l e for red spruce 
i nvas i on i nto the beech gaps . 
Natura l l y  occurring  and man-made vegeta tion  boundar ies are 
i mportant systems to study because the boundaries act as  i nterfaces of  
2 
p l ant seed1 exchange . Such seed exchange can have a profound i nfl u -
ence on vegetati on mi grati on and vegetati on recovery after  a d i s ­
turbance . Seeds d i s pers i ng to a currently unfavorabl e germi nat ion  s i te 
may at  some future t ime be l ocated i n  a favorab le  s i te as a resu l t of 
c l i mati c c hange . 
If propagu l es of a parti cu l ar spec ies a re absent a t  a s i te ,  then 
d i s persal becomes cr i ti ca l  i n  order for that speci es to occur there . 
The d i spersal of seed across manmade boundar i es between two pl ant 
communi ti es , e . g.,  o l d f ie l d and forest ,  ha s been documented by 
Kel l man ( 1 974 ) . No known stud i e s  have exami ned seed exchange across  
natura l ly occurr i ng fores t  boundar i es between pl ant communi ti es . The 
presence of buri ed v i ab l e seeds i n  the so i l  can affect the rate and 
d i rection of  s ucces s i ona l seres . 
Eg l er ( 1 954 ) co i ned the terms i ni ti a l and rel ay fl ori st i cs to 
descri be the effects d i fferent l i fe h i s tory s trateg i es have on the 
process of s ucces s i on. The i ni ti al fl ori sti cs  concept s ta tes tha t  
al l s pec i es o f  the s ucces s iona l  seres are present i n  the s i te at  the 
i ni ti at i on of the success i on; some of  the spec i es ,  however , do not 
become domi nant ( i n  sta tu re ) unti l a l ater time i n  the s uccess i on .  
The rel ay f lor i st i c s  concept descri bes the d i fferent i a l  d i s pers i bi l i ty 
of  p l ant spec i es a s  the cause of  the s uccess i ons observed i n  nature . 
Thi s d i fferent ia l  d i s pers i bi l i ty i s  a component of a spec i es ' l i fe 
h i s tory strategy .  
l seed i s  defi ned throughout  the text a s  those  sexua l ly  produced 
d ia spores i rrespecti ve of thei r morpho l og i ca l  s tructure . 
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Both the concepts of rel ay and i n i t i a l  f l ori st ics  a re supported 
by the presence of v iab l e dormant seeds of ea rly s uccess i ona l  s pec i es 
and the absence of l a te s uccess i ona l s pec i es i n  the soi l of forests and 
fi e l d s .  Stud i es by Oosti ng a nd Humphreys ( 1 940 ) and Donel an and 
Thompson ( 1 980 ) demonstrated the exi stence of earl y succes s i ona l  seeds 
i n  the so i l  of advanced success i onal s tages . Late s ucces s i onal  seeds 
are u sual ly l ac k i ng from the seed ban ks of early s uccess i onal  s tages; 
consequentl y these spec i es are usua l l y  a bsent from early succes s i ona l 
s tages and depend on di spersal mechan i sms to i nvade . 
The purpose of th i s  s tudy was to exami ne seed d i s persa l across 
a natura l l y occurri ng forested commun i ty bounda ry .  I t  was hypothes i zed 
that s i gn i fi cant d i fferences i n  seed ra i n  compo s i t i on a nd dens i t ies  
wou l d  occur wi th i ncrea s i ng d i s tance from the  boundary .  A beech gap 
a nd a s pruce forest  were chosen because of the narrow ecotone between 
the two commun i ti es and because they di ffer s i g n i f i cant ly i n  spec i es 
compos i ti on . 
The seed ban k  was sampl ed as  wel l for ev idence of  seed d i spersa l 
across the boundary between the two commun i t ies . The seed ba nk was 
a l so exami ned to determi ne whether early s uccessional seeds occur i n  
the soi l that coul d contri bute to vegetat i on recovery after a d i s ­
turbance . A n  a na lys i s  of  communi ty seed budgets ( seed ra i n  a nd seed 
ban k  data ) coul d a l so g i ve an i nd i cati on  of the rol e  seeds p l ay i n  the 
ma i n tenance of these two contrasti ng commun i ti es ,  part i c u l ar ly i n  
zones o f  Fraser f i r d i sturbed by the ba l sam woo l ly  ap h i d .  The recent 
pal eoeco l og i ca l  l i terature was a l so rev i ewed for the i ns i ght i t  g i ves 
4 
i n  understandi ng the ori g i ns of the beech gaps i n  the h i g h  e l evat ion 
Southern Appal ach ian  Mounta i ns .  
CHAPTER I 
L ITERATURE REVIEW 
P l a nts exh i b i t various  s trategi es to d i s perse the i r  seeds away 
from the parent p l a nt  ( Van  der P i j l  1 972 ) .  Once di spersed , some 
speci es ' seeds have the ab i l i ty ,  v i a  various  dormancy mechan i sms , to 
be i ncorporated i nto the so i l  (Gr ime 1 979 ) . In th i s  secti on a n  
exami nation of  seed d i s persal a nd seed bank l i terature wi l l  b e  made . 
A very extens i ve l i terature exi sts concerni ng  seed d i spe rsa l  
( Van der P i j l  1 97 2 ) . Many of the earl i er  s tud i es were qua l i tati ve and 
concerned wi th b i ogeography or  l ong  d i s tance d i spersa l  rather than w i th 
the q uanti tat i ve exami nat i on of d i s persal  ( R i d l ey 1 930) . 
Van der P i j l  ( 1 972 ) c l a s s i f ied seed d i s persal mechan i sms i nto 
the fol l owing  syndromes : anemochory (wi nd ) , hydrochory (water ) ,  
myrmecochory ( ants) , i cthyoc hory ( fi s h ) , saurochory ( repti l es ) ,  
orn i thochory ( bi rds ) ,  mammal i ochory ( mamma l s ) , autochory ( se l f di spers­
i ng )  and barochory (we i ght ) .  Fol l owi ng i s  a di scus s ion  of  those 
syndromes of parti cul ar i mportance to thi s  s tudy . 
The syndrome mos t  eas i ly quanti f i ed and mos t  wi dely s tud i ed i s  
anemochory . Many trees and members of  the fami ly  Asteraceae e�h i bi t  
wi nd d i spersa l  s trategi es wi t h  the typ i ca l  negat i ve exponent ia l  
rel at i onsh i p  between seed den s i ty and  d i s tance from the  seed source 
( Johnson 1 979 ) . 
5 
Many sc i enti sts have exam i ned the seed d i spersa l of 
economica l ly  i mportant spec i es such as  s pruce , fi r and heml ock 
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( Randel l 1 974 ) , sugar map l e  and yel l ow b i rc h  (Ben z i e  1959) and paper 
b i rc h  ( Bjorkbom et a l . 1 965 ) . These stud i es have exami ned seed 
d i spersa l  i nto c l earcuts . Herbaceous d i s persal has been exami ned by 
Werner ( 1 975 ) and Rab i nowi tz and Rapp ( 1 979 ) . 
Burrows ( 1 97 5 )  showed that obstructi ons wou l d  cause seeds to 
l ose  vel oc i ty and be depo s i ted downwi nd from the o bs truction . I n  a 
prev ious  study he deri ved equat ions  for the pr imary traj ectori es of 
pappus-beari ng achenes on wh i ch l ater work  was ba sed ( Burrows 1 973 ) . 
Shel don and Burrows ( 1 973 ) demonstrated that d i spersal of many 
members of the fami l y  Asteraceae i s  hampered by the pappus response to 
humi d i ty and a i r  turbul ence; i n  some cases , however , a i r  turbul ence 
can enhance d i spersa l . D i spersa l  effecti veness  not o n ly  depends on 
the s i ze a nd shape of the pappus but a l so on envi ronmenta l  factors 
such  as hei ght of f i rst rel ease ,  w ind speed , and hum id i ty .  
Di spersal by b i rds has been l es s  frequently s tud i ed .  L i v i ngston 
( 1 972 ) c l early demonstrated the rol e Ameri can rob i ns ( Turdus migrator­
i u s )  p l ay i n  the d i s persa l and successful germi nat ion  o f  Juniperus 
communi s2 and �· v i rg iniana .  Marks ( 1 9 74 )  showed the exi stence of  a 
l arge Prunus pensyl vani ca seed bank that was presumab ly the resu l t of 
b i rd d i s persa l . B i rd d i spersed seeds woul d  not be expected to be found 
at  h i gh dens i ti es near  the source s i nce the seeds wou l d  be expel l ed at 
2Nomenc l a ture fol l ows Ferna l d  ( 1 950 ) except for spec i es of  
southern d i s tri bution , in  wh i ch case Radford et a l . ( 1 968 ) was 
consu l ted . 
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some t ime after  thei r consumption .  Expul s ion wou l d  most  l i kely occur 
some d i stance away from the s i te of cons umpt ion .  
Thompson and W i l l son ( 1 978 ) found h i gher rates of fru i t  remova l 
from fru i t  sources i n  areas wi th  d i s turbed canopy rel ati ve to those 
under c l osed canopi es . Th i s  s uggests that b i rds pos sess hab i tat  
searc h images to faci l i ta te t he  fi nd ing of fru i t  sources . 
Thompson and Wi l l son ( 1 97 9 )  found three fru i t  d i s persa l 
s trateg i es i n  I l l i no i s :  ( 1 ) synchronous  r i peni ng a t  peak fa l l  b i rd 
mi grat ion ,  ( 2 )  asynchronous ri peni ng i n  s ummer , presumab ly  to avo i d  
i nvertebra te damage , and ( 3 )  wi �ter r i peni ng of  spec i e s  that are 
assumed to be d i spersed by wi nter res i dent b i rds . These studies  
demonstra te the h i gh ly  evol ved nature of orni thochorous d i s persal  
s trategi es .  
Pl ant spec i es of i nterest  to th i s  s tudy whose fru i ts are 
consumed by b i rds are Potenti l l a s p . , Rubus s p . ,  Prunus pensyl vani ca ,  
Serbus s p . , and Amel anc h i er sp . ( Mart in ,  Z im ,  and Nel son 1 95 1 ) .  
Information from wi l dl i fe b io l og i s ts concerni ng the subject of 
mamma l food habi ts has contri buted to our knowl edge of the rol e mammal s  
pl ay i n  seed d i spersa l . Mammal s such as  squ i rrel s ( Sc i urus s p . ) and 
c h i pmunks ( Tami a s  s p . )  can p l ay a rol e  i n  seed d i s persa l , parti cul arly 
if  they cac he the fru i ts .  Barnett ( 1 977 ) exami ned the s urv i val and 
germina ti on of squ i rrel cached oak  and h i c kory nuts . Smi th ( 1 970 )  
proposed that pi ne squi rrel s ( Sc i u rus s p . ) and coni fers have coevol ved 
to benefi t eac h  other : the pi ne seeds a re a food source for the 
s qu i rrel s ,  and the squirre l s are the seed d i spersers for the pi nes . 
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Janzen ( 1 971 ) hypothes i zed that tree seed predati on by anima l s 
wou l d  resul t i n  h i g her surv iva l  of  seeds and germ inants at a greater 
di s tance from the seed source .  D i spersa l dens i t i es woul d  be l ea s t  i n  
these a reas , mak i ng them l ess des i rabl e feed i ng s i tes for animal s .  
Recent work  by Hubbel l ( 1 980 ) and Formann and Hahn ( 1 980 ) has s hown 
that i n  the trop ics  trees tend to be c l umped i n  d i s tr i bution .  These 
fi nd i ngs  suggest that seed predation does not necessar i l y  exp l a i n  the 
pattern and h i g h  d i vers i ty of trop i cal forests . 
Certai nl y  mammal s can exert a great i nfl uence  on the reproduc­
t i on of l arge-seeded taxa such as P i nus , P i cea , Quercus , Carya , and 
Fagu s . 
Myrmecochorous pl ants have been studi ed only recent ly  i n  the 
tempera te forest reg i on .  Thi s syndrome i s  c ha racteri zed by seeds 
havi ng an o i l y  el i aosome that i s  an attract i ve food source for ants. 
In order to secure th i s ,  the ants carri ed away the who l e seed ( Van 
der  P i j l  1 972 ) . Beatt i e  et  a l . ( 1 979 ) have s tudi ed ant d i spersal of 
Sangu i nari a  canadens i s ,  Hepati ca acuti l oba and var ious  V i o l a spec i es .  
They demons trated non-speci fi c i ty of the ants to the seed spec i es ,  a s  
d i d  Cu l ver and Beatti e ( 1 978) . 
Pudl o et  a l . ( 1 980)  s howed that bl oodroot ( Sangui nari a )  seeds 
cou l d be d i spersed by ants for a d i stance of up to 1 2  m i n  s parse 
p l ant popu l at ions ,  but very s hort d i s tances i n  dense popul ati ons . 
Tri l l i um s p . , Uvu l ar ia  sp . ,  Asarum canadense and D i centra s p .  a re 
a l so ant d i s persed ( Van der Pi j l  1 972 ) . 
Havi ng fi ni s hed a bri ef exami nat ion  of t he d i vers i ty of 
di spersal mec hani sms that ex i s t  at the pl a nt auteco l og i ca l  l evel , i t  
i s  now appropri ate to exami ne seed d i s persal at  the pl ant communi ty 
l eve l . 
Seed ra i n , defined as  al l of those seeds fal l i ng on the soi l 
surface of a parti cu l ar communi ty ,  has been i nfrequently s tud ied .  
Wagner  ( 1 965 )  exam ined seed ra i n  i n  a n  i rrad i a ted scrub oa k p i ne 
forest .  Al l spec i es trapped were wind d i spersed and pea k seed ra i n  
occurred i n  the fa l l  and spr ing .  
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Brower and Davenport ( 1 97 3 )  sampl ed seed ra i n  i n  a mi xed hard­
wood forest  and found that spr i ng sampl es represented w ind-bl own 
speci es from adjacent f i el ds . Later samp les  represented forest 
s pec i es .  Arch i bal d ( 1 980 ) found that the f i rst year ' s  seed ra i n  after 
a fi re was domi nated by herbaceous spec i es , i n  parti cul ar Epi l ob i um 
angusti fol i um .  Shrub seed was l ac ki ng from the ra i n .  
Gant and C l ebsch ( 1 975 ) samp l ed seed ra i n  i n  several stands of 
d i fferi ng age and l ocal i ty in Tennes see . They found that o l d  f i el ds  
received the greatest  vari ety and number of herbaceous seeds whereas an 
o l d sassafras s tand had the h i g hest total seed count . Gant ( 1 978 ) i n  
a s tudy of the mechani sms that  ma i nta i ned the Smoky Mounta i ns heath 
bal d s  from tree i nva s i on, found that the majori ty of the seed ra i n  was 
composed of seeds of Abi es fraseri , P i cea rubens , and Betu l a l enta 
and eri caceous shrubs . The tree seeds were from the surround i ng forest 
and s hrub seeds were from the ba l d  vegetat ion .  Seed ra i n  was found to 
be l ea s t  dense i n  the s ummer months .  
Rab i nowi tz and Rapp ( 1 980)  exami ned the seed ra i n  i n  a tal l 
grass pra i ri e .  They found peaks dur i ng the months of June and July  
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a nd October and  November . The seed ra i n  was heterogeneous i n  spat i a l  
d i s tr i bution  a s  wel l .  
Once a seed has fa l l en onto the so i l  i t  can be subj ec t  to one of  
several fates . The seeds may germi nate and surv i ve , germi nate and d i e ,  
rema i n  dormant  for a period , become i n corporated i nto the soi l ,  or be 
consumed by an imal s ( Harper 1 977 ) .  If p l ants are to ma i nta i n  the i r  
popu l at i ons , a n  excess of  propagu l es mus t  b e  produced whi ch ba l ances 
the usua l ly  h i gh mortal i ty i ncurred by many of the seeds . The s tored 
popu l a t i on of vi ab l e seeds i n  the soi l i s  the next top i c  of i nterest  
s i nce these seeds can represent a source of new i nd i v i dual s after poor 
seed p roduc tion  years . 
Much has been wr i tten concerni ng seed ban ks i n  numerous types of 
commun i t ies a nd s uccess i onal stages (Champness a nd Morri s 1 948 , 
Oosti ng and Humphreys 1 940 , and Van der Va l k and Dav i s 1 979 ) .  In t h i s  
sect ion  those stud ie s  concern i ng seed ban ks of deci duous a nd con i ferous 
forests wi l l  be d i scussed . 
Tab l e  1 presents a l i s t of the seed dens i ti es found and the 
l ocati ons of the forest seed ban k  studi es to date . The l arge vari a ti on 
of seed den s i ty occurri ng i n  con i ferous  or dec iduous forests i s  
apparent from th i s  tabl e .  S uc h  vari at ion i n  part i s  l i kely t he res ul t 
of di fferi ng ages and hi stor i es of the s tands a s  wel l a s  vari ous 
degrees of i sol at ion  from early s uccess i onal  s tages a s  seed sources . 
Genera l ly h i g her dens i ti es of seeds may occur u nder deci duous forests , 
al though succes s i onal  p i ne  s tands approach the h i g h  densi ti es of o l d  
fi el ds and pastures . 
Tab l e  1 .  Summary of  Forest Seed Bank L i terature . 
Loca tion 
Dec i duous Forests 
Anderson Co . ,  Tennessee , U . S .A .  
Campbe l l Co . ,  Tennessee , U . S . A .  
Durham , Eng l and 
GSMNP , U . S .A .  
Norr i s  Watershed , Tennessee , U . S . A .  
New Brunswi c k ,  Canada 
Ma i ne ,  U . S .A .  
North Carol i na ,  U . S .A .  
Coni ferous Forests 
Sa skatchewan, Canada 
Forest  Type 
Whi te Oak 
Beech 
Chestnut Oak 
Tul i p  Pop l ar 
Tu l i p  Popl ar  H i c kory 
Oak Mapl e 
C hestnut & Wh i te Oak 
C hestnut Oak 
Oak Woodl and 
Second Growth  Forest 
Sassafras Stands  
Beech/Mapl e 
Red Mapl e Cl ea rcut 
Mapl e/Fi r 
Sugar Mapl e 
Beech-B i rch -Mapl e 
Oak-H i ckory 
P i ne 
B l ack  Spruce 























Dobberpuhl  1980 
Dobberpuhl 1980 
Donel an & Thompson 
1980 
Gant & C l e bsch 197 5  
Gant & C l e bsch 1975  
Moore & Wei n  1977 
Ol mstead & Curti s 
1947 




Table 1 .  ( Conti nued ) 
Locat ion 
Bri ti s h  Columbi a ,  Canada 
New Brunswi c k ,  Canada 
Harvard Forest , Mass . , U . S .A .  
Miyaj i ma Island , Japan 
Ch i ba ,  Japan 
Ma i ne ,  U . S .A .  
North Caro l i na ,  U . S . A .  
Cali forni a ,  U . S .A .  
L a  Grande , Oregon, U . S . A .  
Fraser , Colorado , U . S . A .  
Forest Type 
Douglas  Fi r 
Mi xed Coni fer 
Seral Mixed Coni fer 
5 Yr . P i ne 
25  Yr . Pi ne 
47 Yr . P i ne 
80 Yr . P i ne 
Japanese Red P i ne 
Japanese Black  Pi ne Seral 
70 Yr . Whi te P i ne 
Red Pi ne 
Spruce Fi r 
Sera 1 P ine 
Sugar Pi ne 
Gi ant Fi r & Shore Pi ne 
Gi ant Fi r & Engelmann 
Spruce 
G i ant Fi r & Western Larch 
Engelmann Spruce & 
Subalpi ne Fi r 
Lodgepole Pi ne 
Seed #/m2 




















Ke 1 1  man 1 970 
Kellman 1 974 
L i v i ngston & 
A 1 1  es s i o 1 965 
Na kagosh i  & Suzuki  
1 977 
Numata et a 1 . 1 964 
Olmstead & Curt i s  
1 �7 
Oosti ng & Humphreys 
1 940 
Qu i c k 1 956 
Str i ckler & Edgarton 
1 976 
Wh i pple 1 978 
....... 
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These w i de var iat ions may be due to d i fferences i n  the trea tment 
and col l ect ion  methods used by the vari ous au thors . Some , such  a s  
Ol mstead and Curt i s  ( 1 947 ) , Qu i c k  ( 1 956 ) , and Wh i pp l e ( 1 978 )  c ut  out 
so i l sections wi th a kni fe . Most ,  however , have u sed a so i l  core to 
co l l ect the i r  samp l e s : Oos t i ng and Humphreys ( 1 94 0 ) , Kel l man ( 1 970 
and 1 974 ) ,  Johnson ( 1 97 5 )  and Moore and Wi en ( 1 977 ) .  
Most  authors pl aced the i r  so i l  sampl es d i rectly o n  s teri l e  so i l  
i n  a greenhouse ,  and then i denti fi ed and counted the germi nants that 
emerged . Ol ms tead and Curt i s  ( 1 947 )  a i r dried the i r  samp l es ,  s i eved 
them and i denti fi ed and counted the seeds . later they performed 
germi nation tests on the seeds . Johnson ( 1 975 ) , on the other hand ,  
p l aced the sampl es on appropriate med i a  i n  the greenhouse; when no 
more seedl i ngs emerged by germinati on, he s i eved the soi l to i dent i fy 
the non-germi nati ng seeds as  wel l . 
Moore and Wei n ( 1 97 7} treated thei r sampl es i n  the same manner 
as Johnson ( 1 975} except that they tested the v i a bi l i ty of  non­
germinat i ng seeds wi th neotetrazo l i um ch l oride . 
It i s  questi onabl e whether greenhouse germi nati on s tudi es g i ve a 
true p i c tu re of actual  seed dens i t i es .  Major and Pyatt ( 1 966 ) 
i denti fi ed s i x  d i ffi cul t i es i n  s tudying seed banks : ( 1 ) many spec i e s  
reproduce vegetati vely ,  ( 2 )  greenhouse germ i nat ion may be  s peci es 
sel ective ,  ( 3 )  s eed popu l ations may be aggregated a round mother p l ant ,  
( 4 )  a ppropri a te sampl e s i zes a re unknown, ( 5 )  depth d i s tr i buti ons are 
unknown, and ( 6 )  seedl i ngs a re d i fficu l t to identi fy . D i ffi cu l t i es 
2 ,  3 and 4 certa i nly  wou l d add to the vari a b i l i ty of  seed bank 
samp l es . 
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Exami nat i on and knowl edge of the reproducti ve s trateg ies  of 
p l ants wi l l  a i d  in determ in ing wh ich  p l ants can be expected to 
contri bute to the seed bank . S tud i es such as the one by Marks ( 1 974 ) 
on Prunus pensyl vanica have prov i ded an excel l ent i ns i ght  i nto repro­
duct i ve s trategi es .  The eco l og i ca l  impl i ca t ions of a s pec i es ' 
reproducti ve s trategy can only be understood by exam ini ng the fates 
( predati on ,  seed ba nk , seedl i ng death ) of the d i spersed seeds . Mak i ng 
a di st i nct ion  between germi nants from seed and vegetati ve reproductive  
s tructures wi l l  a id  in  understand i ng p l a nt l i fe h i s tory strateg i es .  
At our present state of knowl edge concerni ng seed germ ina ti on 
requi rements , i t  wou l d be d i ffi cu l t to prov ide a l l the condi ti ons 
necessary for the compl ete germi na ti on of  a l l spec i es ;  consequently ,  
the phys ical  separa ti on o f  seeds  from the so i l  and s ubsequent germ ina­
tion and/or v i a bi l i ty testi ng i s  the best techni que to a l l evi ate the 
probl em .  Thi s techni que is  very t ime consum i ng ;  Hodgki nson et a l . 
( 1 980 ) spent over 8 to 1 2  man hours per 1 00 grams of  soi l  sampl e .  
Aggregati on of seeds around the parent pl ant would i ncrease vari ab i l i ty 
among seed bank samp l es .  Mos t  s tud ies  have s hown a h i g h  coeffi c i ent of 
var iati on for the s peci es dens i ti es .  Seeds d i spersed by animal s mi ght  
not necessari ly  be  aggregated around the parent p l ant . 
Champness ( 1 949 )  found that seventy 25 m2 pl ots were requi red 
to obta i n  dens i ty estimates wi th i n 1 0% of the popu l at i on mean. Two 
hundred samp l es ( 0 . 5 m2 total ) were requ i red for the total dens i ty 
estimates i n  o rder for the common spec i es to be wi thi n  1 0% of the 
popu l at ion mean .  Champness ' sampl es were col l ected i n  grass l ands ; 
d i fferent mi nimum s i zes m ight  be requ i red for d i fferent cowmuni ty 
types . 
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Kel l man ( 1 978 ) found that seeds i n  trop i cal  corn fi el d s  are 
c l umped in d i stri buti on, whereas they are more evenly d i stri buted i n  
pastures . If seed popul at ions are cl umped i n  d i s tri but i on i t  may be 
mi s l ead i ng to ca l cu l ate mean seed bank dens i t ies . 
Depth d i stri butions of seeds are better known now than i n  the 
early  1 960 ' s  thanks to the wo rk of Major and Pyott ( 1 96 6 ) , Kel l man 
( 1 970 and 1 978 ) ,  S tri ck l er and Edgarton ( 1 976 ) ,  Moore and Wei n  ( 1 97 7 )  
and Dobberpuh l  ( 1 980 ) . Genera l ly the dens i ty o f  seeds dec l i nes wi th 
depth ; Dobberpuh l , however , found that fewer germi nants emerged from 
the l i tter l ayer and 0 to 5 em depths than from the 5 to 1 0  em depths . 
L i ttl e i s  known about the rates of seed movement i nto the so i l  
depths from the s urface . Movement of seeds downward wou l d  requi re 
that the seeds s i fted through the l i tter l ayer .  Perhaps so i l 
i nvertebrates and other anima l s wou l d  a i d  i n  t h i s proces s . Presuma bly  
those seeds deeply bur ied are ol der than those seeds nea rer t o  the 
so i l  surface . 
The fol l ow ing texts made seedl i ng i dent i f i cati on much eas i er :  
Kummer ( 1 95 1 ) ,  C ha ncel l er ( 1 966 ) , Ma i senhel der ( 1 969 ) , and Mu l l er 
( 1 978 ) . 
Fores t  seed bank s tudi es i ndi cate that the spec i es composi t i on 
of the seed bank i s  usua l l y  d i s s i mi l ar from the spec ies  compos i ti on of  
the  overlyi ng vegetat ion (Oosti ng and Humphreys 1 940 ,  Numata et a l . 
1 964 , Kel l man 1 970 and 1 974 , Johnson 1 97 5 ,  Wh i ppl e 1 978 , and Donel an  
and Thompson 1 980 ) . Thi s trend i s  presumably the res u l t of the 
qua l i t i es of  forest tree seeds . 
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Domi nant overstory spec ies usua l l y  have l arge seeds to assure a 
competi t i ve advantage of the s pec i es duri ng germi nat ion  and esta b l i s h­
ment (Harper et a l . 1 970 a nd Stebbi ns 1 97 1 ) .  Large seeds conta i n  a 
grea ter proport ion  of  endosperm or  food reserve than do sma l l  seeds . 
The h i gh ca l or i c  content of such  seeds ma kes them attract ive as  a n  
an ima l  food source (Gashwi l er 1 96 5 ,  1 967 a nd  1 970; Thompson 1 978 ) .  
Data from seed germ i nat ion  a nd seed bur i a l  s tud i es s uggest that l arge 
seeds have a s hort v i ab i l i ty per iod compared to sma l l  seeds (Harri ngton 
1 972 ) ;  consequently , the c haracteri st i ca l l y  l a rge seeds of l ate suc­
ces s i ona l s pec i es are rarely found in  v i abl e cond i t i ons in  the so i l .  
Sma l l  seeds have been found to have h i g h  vi abi l i ty and l a st  up  
to  60  years or  more i n  the so i l (Harr i n gton 1 972; Ki v i l aa n  and 
Bandurs ki  1 973 ) . Sal i s bury ( 1 94 2 ,  1 974} s howed that as one progresses 
from a d i s turbed hab i tat  to a c l osed fores t  commun i ty ,  the average seed 
s i ze of pl ant  s peci es present i ncreases . Recently Coo k ( 1 980 ) has 
hypothes i zed that smal l seed s i ze i s  an adaptati on permi tti ng the 
accumu l ation  of a persi s tent seed ban k .  Sma l l seeds wou l d pers i st for 
a l ong t ime i n  part due to the greater phys i ca l  d i ffi cu l ty they have i n  
burst i ng  the seed coat to germi nate . As seed s i ze decreases the ra t io  
of  seed coat thi c kness to embryo s i ze i ncreases , ma ki ng i t  necessary 
for the embryo to exert a greater force to burst the seed coa t .  These 
observations  s uggest that those s peci es represented i n  the seed ban k  
i n  a forest are early success ional  spec i e s ,  for wh i ch seeds have l ong 
v i a b i l i ty, sma l l s i z e ,  a nd ,  most l i ke ly ,  h i g h  d i spers i b i l i ty .  
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Stud i es of  communi ty seed budgets a re rare . A seed budget can 
be defi ned as  the i nputs , storages and l osses of  seeds in a p l ant 
communi ty . Only  Kel lman ( 1 974} , Cheke e t  a l . ( 1 979} , Arc h i ba l d  ( 1 979 , 
1 980} , and Rab i nowi tz ( 1 981 } and Rabi nowi tz and Rapp ( 1 980} have 
attempted to exami ne p l ant communi ty seed budgets; they have only 
l ooked at i nputs and storages , however .  
Kel l man ( 1 974 ) found that  three years o f  seed ra in  i n  a n  o l d  
forest and a secondary s ucces s i onal  s i te were i nsuff i c i ent to account 
for the l arge dens i t i es of  seeds i n  the so i l .  He conc l uded tha t the 
seed bank represented many years ' accumu l at ion from the seed ra i n .  
He a l so found that seed ra i n  o f  s uccess i ona l  s pec i es rap id ly  decl i ned 
wi th  i ncreas i ng d i stance i nto the ol d forest stand , but that secondary 
s ucces s i onal s pec i es seeds d i d  occur i n  the ra i n  and bank at  di stances 
up to 1 00 m i nto t he stand . Kel l man p redi cted that ''i neffi c i ent 
movement of seed of secondary spec i es through forest s tands s ugges ts 
that only  those open s i tes conti guous to an esta bl i s hed secondary 
communi ty wou l d  recei ve apprec i ab l e mi grant seed . " Cheke et a l . 
( 1 979} reached s i mi l a r  conc l us i ons ;  they found , however , that some 
seeds of secondary spec ie s  d i d  d i s perse i nto the forest i n  cons i der­
ab l e numbers at 1 50 m .  
Arch i ba l d ' s  data ( 1 979 and 1 980)  s how h i gher dens i t i es o f  many 
seeds ra i ni ng on the s i te than occur i n  the soi l bank; thi s resu l t i s  
not s urpri s i ng ,  however , s i nce  he sampl ed the seed bank i n  Apri l 1 977 
i mmedi atel y after a f i re .  Seed ra i n  samp l es were col l ected i n  1 978 
and 1 979 , t ime enough for p l ants that emerged i n  the summer of 1 977 to 
s i gni fi cant ly  add to the seed ra i n .  
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Rabi nowi tz and Rapp found that seed ra i n  dens i ty was h i gher than 
the seed bank dens i ty i n  a tall grass  pra i r i e  ( 7 1 %  reduction) 
( Rab i nowi tz 1 981 ; Rab i nowi tz and Rapp 1 980 ) . The major i ty of the 
common ra i n  spec i es occurred i n  the seed bank , but many of the common 
elements i n  the bank were not detected i n  the seed ra i n .  
I t  has been shown that plants have evolved a d i vers i ty of 
d i s persal mechani sms by wh ich  future offspri ng are transported i nto 
many a reas i nclud i ng potenti al safe s i tes . Suc h mechani sms can 
determi ne the fate of populat ions in env i ronmental mosa i cs of various  
d i s turbance frequenc i es .  The seed ra i n  acts  as  the ulti ma te source of  
future plant generat ions ( sexually recomb ined vari ants ) ,  by con­
tri buti ng ei ther to the next seedling generat ion,  or to a potenti al 
future genera t ion followi ng seed s torage i n  the seed bank . 
The seed bank has been s hown to be composed ch i efly of herbaceous 
and woody early s uccess i onal spec i es ,  reflect i ng the d i fferent repro ­
duct i ve strateg i es of contra sti ng li fe forms i n  nature . Understand i ng 
seed ra i n  and seed bank dynami cs at  the spec ie s  and communi ty levels 
wi ll enhance our unders tandi ng of the populat i on dynami cs of spec i es 
and the dynami cs of plant communi t i es . 
CHAPTER I I  
THE STUDY AREA 
The study s i te was a beech gap and adjacent spruce-stand 1 km 
west of Newfound Gap i n  the Grea t  Smoky Mounta i ns Nat i ona l  Park i n  
Swa i n  County , North Caro l i na .  The s i te l i es between the North 
Carol i na-Tennessee s tate l i ne ( the  Appal ach ian  Tra i l ) and the C l i ngman ' s 
Dome Road ( Fi gure 1 ) .  
A sc hemat i c  d i agram of  the s tudy a rea i s  shown i n  Fi g ure 2 .  
The s i te faced sou th  and e levat i on was 1 582 to 1 61 5  m and wi th aspects 
from 49° to 1 40°. The s l ope ranged from 1 3° to 35° . 
I .  GEOLOGY 
The rocks ma k i ng up the Great Smoky Mountai ns a re l ate Pre ­
cambr ian  nonfoss i l i ferous sed iments ca l l ed the Ocoee Ser i es , tha t  were 
pebb ly ,  sandy , and/or  muddy ( Ki ng et a l . 1 968 ) . The mounta i ns are the 
product of prol onged upl i ft and eros ion s i nce the i ni ti a l  roc k  
deformation during the m id-Ordov i c i an Period . 
S teep s l opes whi c h  are prone to l ands l i des are i nd i cat i ve of the 
Anakeesta Format ion  underlyi ng the study area . Th i s  forma tion  i s  
composed of sma l l pebbl ed arko s i c  cong lomerate graywacke .  These roc ks 
are f ine to coarse gra i ned fel dspath i c  sandstone , s l ate ,  a rg i l l i te ,  
and phyl l i te ( Hadl ey and Gol dsmi th 1 963 ) . Carbon and i ron s u l f ide 
w i th i n  these rocks  g i ve them t he i r  characteri st i c dark col ora ti on. 
1 9  
Fi gure 1 .  Locati on of Study S i te i n  the Great Smoky Mounta i ns 
Nat ional Park . The study si te i s  1 km west of Newfound Gap along the 
Cli ngman•s Dome Road . 
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II .  SO I LS 
The study s i te conta i ns so i l s  of the Sol Brun Ac ide Group 
(McCracken et a l . 1962 ) or under the So i l  Conserva t i on Survey ' s  new 
c l a s s i f icat ion sys tem , Incept i sol s c l a s s i f ied a s  Dystrochrepts , Umbri c 
Dystrochrepts , fi ne l oamy , mi xed , mes i c  permeab l e so i l s  ( So i l  Survey 
Staff 1975 ) .  Accord ing to Buo l et  a l . ( 1973 )  Incepti sol s are immature 
so i l s  wi th weakl y expressed profi l es cl ose ly  resembl i ng the pa rent 
ma teri a l . 
These so i l s  l ac k  an A2 hor i zon and s i gni f i cant c l ay e l uv i at i on;  
they do , however ,  exh i bi t  col or d i fferent iat ion  between the hori zons 
(McCracken e t  a l . 1962 ) .  They s ugges ted that s o i l creep hel ped ma i nta i n  
these soi l s  a t  a n  undi fferenti a ted state , whereas Wol fe ( 1967 )  a l so 
cons idered wi nd throw of the shal l ow rooted trees as contri but ing to 
the soi l immatur i ty .  
Wol fe ( 1967 ) reported that the mi nera l ogy and texture o f  so i l s  
i n  beech gaps and spruce-fi r forests were s imi l a r .  Th i s  i nd i cates that 
the abrupt vegetat iona l  changes between the two pl ant communi t ies are 
not the resul t  of  parent mater i a l  or edaph ic  c hanges .  
Wol fe ( 1967 ) concl uded c hemi ca l d i fferences between the so i l s  of 
the two communi t i es were probab ly  caused by the di ffer i ng vegetat ion .  
Soi l s  s upport i ng spruce-fi r s tands conta i ned a th i c k  ac i d i c  l i tter 
l ayer produc i ng an env i ronment unfavorabl e to so i l  m i crofauna . Fast 
decay of  the beech gap l i tte r  resu l ts from good aera ti on .  Wol fe 
( 1967 ) and McCracken et a l . ( 1962 ) found that the el uv i a t i on of i ron 
i s  more evi dent under the s pruce-f i r  vegetati on .  
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Beech gap and spruce-fi r  soi l s  d i ffer prima ri ly in the l i tter  
and humus l ayers . C h i efly the  texture , thi c kness , aerati on, and pH  
of t he l i tter l ayers di ffer . 
III . CLIMATE 
Shanks ( 1 9 54 )  characteri zed the h i gh el evat ion  Smo ky Mounta i ns •  
c l imate a s  mesotherma l , perhumid  under the Thornthwa i te c l ass i f i ca t i on 
sys tem. I n  such a c l imate , prec i pi tat ion exceeds potent i a l  evapo­
transp irati on; consequently ,  p l ants are not under any water stress .  
Accordi ng to Stephens ( 1 969 )  prec i p i tat ion i n  t he h i g h  Smoki es 
can be c l a s s i f i ed as  cyc l onic or orograph i c.  Orograph i c  prec i pi tat ion  
resul ts from moi st a ir  bei ng forced to h i gher and coo l er a l t i tudes , 
where the moi sture condenses i nto ra i n  s i ze dropl e ts . Cyc l oni c 
prec i p i tat ion resu l ts from frontal systems pa ss i ng through  the area . 
Stephens fou nd orograph i c  prec i p i tat ion occurred primari ly  duri ng the 
summer and cycl oni c primar i ly  dur i ng the winter. Dense fog produced by 
orograph ic  cool i ng was frequentl y observed i n  the s tudy area . 
Shanks ( 1 954 ) reported an average prec i pi tat ion  of 226 em at  the 
Newfound Gap weather stat ion .  Fi gures 3 and 4 show , respecti ve l y ,  the 
monthly preci pi tation for 1 979 and 1 980 . The month ly  prec i pi tat ion  
peaks i n  the  wi nter and in  July .  Ju ly ,  September , and November 1 979 
were at l ea s t  8 em above average in prec i p i tati on; 1980 was a dr ier 
year  than 1 97 9 .  The mi dsummer and l a te fa l l  prec i p i tat ion  was be low 
a verage i n  1980 . 
Stephens ( 1 969 ) reported an  average of 1 48 day growi ng season 
at the Newfound Gap weather station .  The average date of  l as t  frost 
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F i gure 3 .  Mean Monthl y  Prec i p i tati on at Newfound Gap i n  1 979 . 
Zi gzag dashed l i ne represents the month ly  prec i pi tat i on for 1 979 ( data 
before May unava i l ab l e ) . Zi gzag sol i d  l i ne represents average monthl y  
prec i pi tati on for the peri od o f  1 968-1 977 . Hori zontal dashed l i ne 
represents annual  preci pi tati on for 1 979 d i v i ded by 1 2 .  Sol i d  dashed 
l i ne represents the average annual  prec i p i tati on for the peri od of  


































I I I \ -- .l � - - , -· - - - -- ---- - ---- - -- - - - -- 1-
1 \ I I \ I 
I 
I I I I I I I I 
� 
\ I 
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F igure 4 .  Mean Month ly Preci pi tati on at Newfound Gap i n  1980 . 
Z i gzag dashed l i ne represents the monthl y  prec i pi tati on for 1980 . Z i g ­
zag sol id l ine represents average month ly preci pitat i on for the per i od 
of 1968- 1977 . Hori zontal dashed l i ne represents the annual  prec i pi ta­
t i on for 1980 d i v i ded by 12. Hori zontal  sol i d  dashed l i ne represents 
the average annual  prec i p i tati on for the peri od of 1968- 1977 di v i ded 
by 12 . 
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was May 9 ,  and October 4 was the  average f i rst  fros t .  F i gu re 5 g i ves 
the 1 0-day average max imum and mi nimum tempera tures from the Newfound 
Gap weather stat ion  from May 1 979 to December 1 980 . Of parti c u l ar 
i nterest i s  the l a te frost  on May 26 and 27,  1 979; the mi nimum 
temperature was 28° F on both days .  
IV . VEGETATION 
Beech gaps , nearly pure s tands of Fagus grandi fol i a ,  form very 
s harp boundar ies wi th  the adjacent spruce-f i r  vegetat ion  ( Ru ssel l ,  
1 953 ) . These p l ant communi t ies  have been stud i ed for many years i n  an  
effort to understand the i r  ori g i n  and ma i ntenance . The ac tual area 
covered by beech gaps i s  qu i te sma l l  re l ati ve to other vegetat ion 
types i n  the Smok i es . 
Russel l ( 1 953 ) made a fl ori sti c s urvey of 1 3  beech gaps i n  the 
Smoky Mounta i ns .  Only Fagus grand i fo l i a  has a frequency o f  1 00% . 
Other frequent spec i es are Laportea canadens i s ,  Poa a l sodes , Rubus 
canadens i s ,  Carex deb i l i s ,  Carex arti tecta , Stel l ar i a  pubera , Tri l l i um 
erec tum , Angel i ca tri gu i nata , L�zu l a  bu l bosa and Prenanthes a l t i s s i ma .  
A tota l of 88 herbaceous s pec i es were found . Compari sons of the 
herbaceous vegetati on found i n  beech gaps , s pruce fi r forest s ,  and i n  
d i s tu rbed s i tes  showed many spec i es i n  common among these communi t i es . 
Whi tta ker ( 1 956 )  c haracteri zed beech gaps a s  hav i ng an overstory 
of s tunted appearance wi th  Fagus grandi fo l i a  trunks  so  covered wi th 
l i c hens as to make them unrecogni zab l e by the i r  bark . He cons i dered 
the north faci ng gaps as extens i ons of the cove hardwood forests wi t h  
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Fi gure 5 .  Ten Day Mean M i nimum and Max imum Temperatures at New­
found Gap i n  1 979 and 1 980 . 
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Caca l i a  rugel i a  ( prev i ous ly  named Senec i a  rugel i a ,  Barkl ey and 
Cronqui s t  1974 ) ,  S treptopus roseus and Rudbec k i a  l ac i ni ata . Whi tta ker 
cons i dered the south fac i ng gaps as  i ntermed i ate vegetat i ona l ly  between 
the north fac i ng gaps and the red oak-chestnut forests . 
Crandal l ( 1958 ) exami ned the ground vegeta tion i n  beech gaps . 
In gaps wi th  h i g h  densi t i e s  o f  Fagus grandi fo l i a  she defi ned two 
vegeta tion types : ( 1 ) Carex type and ( 2 )  Athyri um type . The Carex 
type occurred on l evel s i tes  as are common at the r i dge crest ,  wh i l e  
the fern type was found a t  s teeper s i tes under the pu re Fagus 
grand i fo l i a  canopy . In north fac i ng stands wi th  h i gh dens i t i es of  
Betu l a l utea she found the Sol i dago s i te type . 
Bratton ( 1 975 b )  found a mo i sture gradi ent i n  the beech gap 
herbaceous l ayer .  Carex sp . and Luzul a s p .  dom inate at the dry end of 
the grad i ent wh i l e  Impati ens pa l l i da , Phacel i a  f imbr iata , and other 
herbs a re more common at the more mes i c  end of the grad i ent .  The mes i c  
end of the gradi ent occurred i n  north fac i ng beech gaps and i n  l ow 
el evati on s i tes i n  south fac i ng beech gaps . 
S i nce  the early 1970 1 s  many beech gaps have been d i s turbed by 
root ing of the i ntroduced European wi l d  boar  ( Howe and Bratton 1976 ) .  
These animal s have mi xed the l i tter l ayer wi th the A12 and B2 hori zons 
i n  many gaps ( Bratton  1975a ) and have reduced the herbaceous cover i n  
some beech gaps to 5%  of the expected und i s turbed coverage ( B ratton 
1974 ) . The data suggested that s peci es such  as L i l i um superbum wi l l  
become l oca l ly exti nc t  as a resul t of the popu l ati on • s  i nab i l i ty to 
regenerate a fter the d i s turbance . The hogs not onl y  des troyed s pec i es 
they eat ,  but uprooted other herbs as wel l .  
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Oh ( 1 964 ) exami ned the s i ze c l ass  d i stri buti on and spat i a l  
pa tterns of  the overstory spec i es occurr ing i n  beech gaps . He found 
that Fagus grand i fo l i a  on north fac ing gaps had the same dens i ti e s  a s  
south fac i ng gaps ; b ut  i t  had s i gni fi cantly l es s  ba sal  areas on the 
north fac i ng s l opes . North fac i ng s l o pes have more cove hardwood and 
spruce-fi r s pec i es i n  the canopi es , e . g . ,  Betu l a  l utea , Aescu lus  
octandra , and Amel anch ier l aevi s (Oh  1 964 ; Bratton 1 975b ) . Spati a l  
d i s tr i buti ons o f  Fagus grand i fo l i a  sugges ted that cyc l i c  regenerat i on 
by root suc ker ing occurs (Oh 1 964 ) . 
Spruce-f i r  forests conta i n  Abi e s  fraser i , Acer pensyl vani ca , 
Ame l anc h i er l aev i s ,  Betul a l utea and Pi cea rubens i n  the overstory 
canopy (Russe l l 1 9 53 ) . 
Oosti ng and B i l l i ngs ( 1 9 5 1 ) compared the southern Appa l ac h i an 
and northern Appal ach ian spruce-fi r forests . They conc l uded that 
suffi c i ent spec i es compos i t i on and physi ognomi c  s i mi l ar i ty ex i sts to 
cons i der the Southern Appal ach ian  spruce-fi r forests as part of the 
Boreal Forest ;  fl ori st ic  and eco l og i ca l  d i fferences exi s t ,  however ,  
s u c h  that the two phases s hou l d b e  recogni zed : red spruce-fraser fi r 
and red spruce-bal sam f i r .  
Shrub speci es i n  spruce-f ir  forests i nc l ude V i burnum al ni fo l i um ,  
Rubus canadens i s ,  Vacci ni um erythrocarpum , Sambucus pubens , Ri bes 
rotund i fol i um and Rhododendron catawbi ense (Oos ting and Bi l l i ngs 1 95 1 ) . 
Whi tta ker ( 1 956 ) and Go l den ( 1 974 ) cons i dered Betu l a  l utea a s  
an assoc i a te spec i es wi th Pi cea rubens in  red spruce forests . 
Al though canopy composi ti on was uni form, he d i d  defi ne fi ve s ubtypes on 
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the ba s i s  of percent coverage by vari ous spec i fi c  undergrowth vegeta ­
tion strata . 
Cranda l l  ( 1 958 ) extens i ve ly  exami ned the herbaceous  fl oras under 
spruce-f i r ,  s pruc e ,  and fi r overstor i e s  i n  the Great Smoky Mounta i ns 
Nati ona l  Park . Under the spruce canopy types s he c l as s i f i ed four  types 
of ground cover : ( 1 )  Hyl oconi um-Vacc i ni um ,  ( 2 )  V i burnum-Vacci n i um­
Dryopter i s ,  ( 3 )  V i burnum-Vacc ini um-Lycopod i um ,  and ( 4 )  Rhododendron. 
The Hyl oconi um-Vacc i ni um type i s  domi nated by Oxa l i s  montana , 
mos ses , l i verworts and Vacc i ni um erythrocarpum . It occurs on steep 
southeast  and northeast s l opes . The V i burnum-Vacc i ni um-Dryopteri s 
type i s  domi nated by Caca l i a  rugel i a ,  Dryopter i s  spi nu l osa , Vac c i ni um 
erythrocarpum and V i burnum a l ni fo l i um .  
The Vi burnum-Vacc i ni um-Lycopod i um s i te type has l ow occurrences 
of ferns , Lycopodi um l uc i du l um ,  Caca l i a  rugel i a  and Oxa l i s  montana 
present i n  s l i ght  depress i ons . Most of  t he ground i s  bare wi th a 
s hrub l ayer of Vacc i ni um erythrocarpum and V i burnum a l ni fo l i um .  The 
fourth ground cover type i s  domi nated by Rhododendron catawbi ense ,  
R .  carol i ni anum and R .  maximum . 
Ramseur ( 1 960 ) stated that Prunus pensyl vani ca communi t ies  are 
the major s ucce s s i ona l  types i n  the spruce-fi r reg ion. These 
s uccess i onal s tand s  conta i ned Rubus canadens i s ,  Sambucus pubens , 
D i erv i l l a  sess i l i fo l i a , Betul a l utea , Sorbus  amer icana and a few other 
spec i e s .  Common herbs were Eupatori um purpureum , As ter acumi natu s , 
Carex brunnescens and Senec io  aureus .  Le s s  common was H i eraci um 
pi l osel l a .  
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Some s uccess iona l  s tages may exh i b i t h i g h  Rubus canadens i s  or 
Betu l a  l utea cover . The Betu l a l u tea-Prunus pensyl vani ca type i s  
probab ly  the second most  common success i ona l  communi ty compared to 
that d i scussed a bove . It conta i ned those trees and s hrubs ment i oned 
a bo ve p l us Vacc i ni um erythrocarpum , V i burnum a l ni fo l i um and Cornus 
a l terni fo l i a .  Common herbs are Aster c h l orl epi s ,  Luzu l a  acum inata , 
Eupa tori um rugosum , Impati ens pal l i da , C hel oni lyoni and vari ous ferns 
( Ramseur 1 960 ) . 
The most recent des tructi ve man caused d i sturbance has been the 
i nfestat ion of  Ab i es fraseri by the ba l sam woo l ly  aph i d ( Hay et a l . 
1 978 ) . Most  f i r trees d i e  whi l e  stand i ng ( Pa v l ov i c ,  persona l  
observation) ; consequent ly  the canopy opens u p  wi thout  the soi l bei ng 
d i s turbed , thus reduc ing the rol e seed banks woul d p l ay i n  the 
succes s i on on these s i tes . Hay et a l . ( 1 976 ) s tated that Ab i es 
fraseri canopy death i ni ti a tes rel ease o f  advanced Abies fraseri 
seedl i ngs except on south fac i ng s l opes where Sambucu s ,  Rubus , Acer 
and Betu l a  dom inate . 
Boner ( 1 979 )  found the unders tory and the ground cover s howed 
the most apparent c hanges i n  the spruce-fi r  forests after the ba l sam 
woo l l y  aph i d  i nfestation. Vacc i ni um erythrocarpum and V i burnum 
a l ni fo l i um decreased i n  dens i ty a fter the canopy d i s turbance ; Rubus 
canadens i s ,  however,  s i gni fi cantly i nc reased i n  dens i ty .  Prunus 
pensyl vani ca ,  Serbus  americana ,  and Sambucus pubens s ubsap l i ng s tems 
were found i n  h i gher dens i t i e s  i n  the d i s turbed s i tes  than i n  the 
und i sturbed s i tes . Oxal i s  montana i ni ti a l l y  i nc reased i n  cover soon  
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after the  d i s turbance , but dec l i ned as  the succes s i on proceeded , wh i l e  
ferns showed the oppos i te trend i n  coverage . 
In the Great Smoky Mounta i ns ,  s i tes di sturbed by man--road s i des , 
tra i l s hel ters and so forth- -conta i n  herbaceous vegeta ti on more 
characteri s t i c  of l ower e l evat i on agri cu l tural l and . Common pl ants  i n  
such  l ocal i t i es i nc l ude Potenti l l a canadens i s , Rumex acetosel l a ,  
P lantago major ,  Poa annua , Taraxacum offi c i nal e ,  Tr i fol i um spp . , 
Juncus tenu i s , Rudbeckia l ac i n i ata ,  Monarda c l i nopoda , Bl eph i l i a 
h i rsuta and Danthon i a  compressa ( L i ndsay a nd Bratton 1 979 ) . 
CHAPTER III 
METHODS 
Bel ow fol l ows a s ummary of the data col l ecti on  and analyt i ca l  
methods used to study the seed ra i n  and seed bank  pattern across the 
boundary between the beech gap and spruce stand .  
I .  VEGETATION DATA 
The study s i te was d i v i ded i nto beech gap and s pruce s tand , 
w ith  the ir  boundary defi ned as  the l imi t of cont i nuous red spruce 
canopy . In order to map the boundary , a ba sel i ne transect was l a i d  out  
roughly paral l el to the  boundary so that d i stances from the  transect to 
the boundary cou l d  be measured . The transect a l so was used to construct 
a gr id  of s quares { quadrats ) ,  10  m on a s i de ,  from whi c h  sampl e pl ots 
were chosen . 
In each commun i ty 10 c i rcu lar  pl o t  centers were randomly 
sel ected from the quadra ts def i ned by the ba sel i ne transec t .  The 
center of eac h  quadra t was the center of a ci rcul ar one-tenth acre 
( =0 . 04 ha ) overstory pl ot a nd a one-hundredth acre ( =0 . 004 ha ) c i rcu l ar 
s hrub l ayer p l ot . Four herbaceous quadrats ( 1  m2 ) were arranged at  
the center  of  eac h  c i rcu l a r  p l o t .  
Trees greater than 1 em  d i ameter a t  breast  hei g ht (d . b . h . ) were 
defi ned as overstory trees a nd trees and s hrubs  l ess  than 1 em d . b . h .  
a nd greater than 1 m tal l were defi ned a s  s hrubs . Overstory trees 
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were talli ed by spec i es and measured for d . b . h .  S hrubs were talli ed 
by s pec i es .  
One o f  the four m2 herb quadrats was sampled i n  July 1 979 for 
dens i ty and coverage of the herbaceous s pecies . Two herb sample plots 
were randomly chosen at each s i te for the s pri ng herbaceous cens us i n  
May 1 980 . The sample s i ze i ncrease from July to May was des i gned to 
reduce the sampli ng error i n  the plant populat ion est ima tes . 
In order to sample the vegetat ion  c hange across  the boundary ,  
two transects 4 m wide were sampled perpend icular to the boundary . 
Each transect was centered at the bounda ry wi th a total length of  1 00 m .  
All trees and s hrubs a s  previou sly defi ned were determi ned and counted 
i n  1 0  m long segments . 
II . SEED RAIN 
Seed ra i n  was sampled us i ng two k i nds of seed traps . Trap 
pa i rs cons i st i ng of  st i c ky traps and gravi ty traps were placed along 
fi ve transects perpendi cular to the boundary .  The transects were 
approximately 1 5  m apart .  Along each transect ,  seed traps  were placed 
a t  0 ,  7 . 5 ,  22 . 5 , 37 . 5 ,  52 . 5 , and 67 . 5  m from the boundary ( see F i g ure 2 ,  
page 2 1 ) .  In the s pruce stand seed traps were extended to 82 . 5  and 
97 . 5  m i nto a canopy gap result i ng from Abi es fraseri d i e  off . 
St i c ky traps cons i sted of 1 0  by 20 em metal li thograph i c plates  
elevated above the ground s urface on a wooden dowel . A 1 0  by 25  em 
alumi num foi l  s heet was la i d  on the pla te to be coated w ith  B i rd 
Tanglefoot (Werner 1 975 ) . These traps were des i gned to collect 
anemochorous seeds . They were effecti ve even when wet ,  except for 
those t imes when they were covered by snow . 
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Grav i ty traps  were constructed from two #1 0 cans by remov ing the 
ends and c utti ng the s ide  of  the resu l t i ng cyl i nder a l ong i ts axi s .  
The two cans were bent so that the i r edges cou l d  be taped together wi th 
duct tape to form a cyl i nder of  32 em in d i ameter . 
A screen of  c h i c ken wi re was p l aced i ns i de the cyl i nder to 
exc l ude frugi vores . A compromi se was made i n  mes h  d i ameter so that 
Pi cea rubens cones and Aescu l u s  octandra seeds wou l d not be excl uded; 
th i s  mesh  s i ze ,  however ,  wou l d  probably permi t vol e and shrew entry .  
The col l ec t i ng conta i ners cons i sted o f  p l a s ti c bags paper c l i pped to 
the cyl i nder . Sma l l perforat i ons i n  the bottom of the bag permi tted 
water dra i nage . On only  one occas i on duri ng the year ' s  col l ect ion was 
a p l ast ic  bag appa rently chewed by an anima l . A few traps were over­
turned dur i ng the year . 
Seed traps were pl aced i n  the fi el d on September 20 , 1 979 , after 
test ing of the st i c ky traps dur ing the preced ing Jul y  and August . 
Traps were exami ned and changed every 2 to 4 weeks . Sti c ky traps were 
not changed for the per iod of December 9 ,  1 979 to Apri l 1 980 .  Grav i ty 
traps set up  on December 9 ,  1 979 were not col l ected unti l June 1 980 . 3 
In the l a b ,  s t i c ky traps were exami ned for seeds under a 
s tereoscop i c  di s sec ti ng m icroscope . Any l eaves or o bjects on the 
3Seed co l l ect i on i nterva l s :  September 20 , 1 979 to September 30; 
September 30 to October 14; October 1 4  to October 2 7; October 27 to 
November 1 0; November 1 0  to December 9; December 9 to Apri l 1 2 ,  1 980; 
Apr i l  1 2  to May 24; May 24 to June 1 5; June 1 5  to July 20; Ju ly 20 to 
August  1 0; August  1 0  to September 6; September 6 to September 2 1 , 
1 980 . 
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surface were removed to determ ine i f  seeds were lodged underneath . 
Grav i ty trap contents were was hed from the collect i ng bag i nto a whi te 
enamel tray to be examined for seeds under a stereoscop i c  d i s sect i ng 
m icroscope . Seed i dentif i cati ons were made by compar i son wi th seeds 
collected i n  the fi eld and wi th  the use of seed gu i des such  a s  
Montgomery ( 1977 ) .  Dr . Paul Delcourt was helpful i n  coni fer seed 
identi f i cat ion .  
Di rectional seed traps were constructed to determine the 
d i rect ion  from wh i c h  the seeds were di spers i ng .  In order to do thi s ,  
s t i c ky seed traps  were placed verti cally on 3 foot  long wooden dowels . 
Each dowel had four  traps , one fac i ng upslope , one downslope ,  one i nto 
the beech gap and one i nto the spruce stand . 
S h i elds were placed at the s i des perpendi cular to the st i cky 
trap surface to prevent the collect ion of seeds comi ng at an acute 
angle wi th the s t i c ky trap surface . The traps would , therefore , have a 
narrow trappi ng angle . F i ve such dowels were placed i n  the fi eld i n  
October 14 , 1979 . The traps were collected December 9 ,  1979 .  
Speci es from whi c h  more than 5 0  seeds were collected during each 
sampli ng peri od were tested for germ inati on percentage . The procedures 
from Schopmeyer ( 1974 ) and Copeland ( 1978) were used in sett ing up the 
germinat ion  tests . Seeds were placed on two layers of germi na ti on 
blotters i ns i de petri di she s .  Petr i di shes were placed i n  controlled 
growth c hambers wi th an 8 hour li ght  and 16 hour dark p hotoperiod . 
Duri ng the l ight  peri od the temperature was kept at  30° C ;  i n  the dark 
per i od i t  was kept at 20° C .  Germi nati on counts were made over a 
30-day peri od . 
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Al l seeds tha t d i d  not germina te dur i ng the tes t  per i od were 
tested for v i a bi l i ty u s i ng the tetrazo l i um ch l or ide method . The bas i s  
of the tec hni que i s  that i n  the presence  o f  b i o l og i ca l  reduc i ng 
systems , the tetrazol i um compound ( co l orl ess ) i s  converted to a 
col ored formazan (Al tman 1 976 ) . I n  seed v i ab i l i ty tes ts 2 , 3 , 5-
tri phenyl tetrazo l i um ch l oride i s  used . Moore ( 1 958 and 1 964 ) and 
I . S . T .A .  ( 1 976 )  g i ve deta i l s  concerni ng v i ab i l i ty tes ts . Only 
compl etely s ta i ned embryos were cons i dered to be v i ab l e .  
I I I . SEED BANK 
The seed bank was exami ned by remov ing 25  c i rcu l ar  soi l sampl es , 
each one adjacent to a seed ra i n  s i te .  Cores were not col l ec ted a t  
the boundary or i n  the two farthest  samp l i ng d i s tances i n  each transect 
i n  the s pruce stand . Each  core had a s urface a rea of 0 . 08 m2 and was 
1 0  em deep .  Al l so i l  cores were col l ected December 1 ,  1 97 9 ,  p laced i n  
p l ast i c bags and transported to the l ab where they were s tored i n  a 
col d room ( 1 °  C )  unt i l mi d-February 1 980 . 
At the TVA greenhouse at  Norri s ,  TN , the so i l  cores were pl aced 
i n  6 . 5 by 24 by 62 em fl ats  over a l ayer of  Prom ix  Steri l e  Potti ng 
Soi l . The col l ected soi l sampl es were spread out to a 1 . 5 em thi c kness  
on the s teri l e  so i l  l ayer .  The f l a ts were randomly pl aced i n  the 
greenhouse to ensure greenhouse env i ronmental effects d i d  not impi nge 
on  any one set of  samp l e s .  
I nterspersed among the fl ats  were s i x  control fl ats  to  tes t 
for contami nants . Each  fl at  conta i ned Promi x Steri l e  Potti ng Soi l . 
These contro l s were j udged i neffect i ve because the verm icu l i te i n  the 
Promix  rose  on wa ter i ng thus d i sturb ing the so i l  surface where 
germi nat i on would have taken place . 
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Prelimi nary results s uggested that seed dens i ti es i n  the beech 
gap so i l  were h i gh enough to exam ine seed depth d i s tr i bution .  In  
March  1 980 a set  of  10 so i l  samples randomly chosen from the 
prev i ously sampled s i tes were collected from 0 to 3 ,  3 to 6 ,  and 6 to 
10 em depths . Samples were taken immed i ately to the greenhouse to be 
set up as descri bed a bove . 
Colored toothp icks coded for week of emergence were placed i n  
the flats adj acent to each seedli ng a s  i t  emerged . Th i s  was done for 
only the fi rst 4 weeks .  Thereafter seedli ngs were i dent i fied , 
recorded , and pulled up after i denti fication had been made . The flats 
were watered when needed and a Hoagl and ' s  solu ti on4 was a ppli ed to the 
flats on July 1 ,  1 980 .  The seed ba nk s tudy was di sconti nued on 
July 29 , 1 980 ,  after 21 weeks of exami nati on .  
Separat ion of  the seed bank i nto a sexual component ( seeds ) and 
a vegetati ve reproducti ve component ( s tolons , tubers , corms , and so 
forth ) was made to determi ne the rel a ti ve i mportance of these di fferent 
reproducti ve components i n  the popul at i ons . S i nce the seed bank i s  
u sually defi ned as  i nclud i ng seeds and vegetati ve s tructures ( Harper 
1 97 7 )  thi s a spect of  the seed bank i s  not often exami ned . Germi nants 
4The Hoagland ' s  solut ion was prepared by mi x i ng three d i fferent 
solut ions conta i ni ng the followi ng quanti t i es of nutri ents ( i n  ppm ) : 
(A )  Ca-80. 0 ,  N-56 . 0; ( B )  K- 1 1 7 . 6 ,  N-35 . 1 , P-1 5 . 5 ,  Mg-24 . 9 ,  S042--33 . 1 , 
Fe- 10 . 0 ,  Zn-0 . 03 ,  Mn-0 . 03 ,  B-0 . 3 ,  Mo-0 . 005; ( C )  N-42 . 0 , P- 1 5 . 0 ,  Na-4 . 6 ,  
Cl-7 . 1 . 
39 
from seeds (a s  opposed to those young p l ants ar i s i ng from vegetat i ve 
propagu l es )  were recogni zed by the presence  of  cotyl edons . 
IV . ENVIRONMENTAL VAR IABLES 
From each vegetat ion, seed ra i n  and seed bank sampl i ng s i te ,  
severa l env i ronmental vari abl es were quanti t i ed .  S l ope i n  degrees was 
measured u s i ng an Abney l evel , and aspect was determi ned wi th a compa s s .  
E l evat ion a bove the road i n  m was estima ted from two data sets : 
( 1 ) the s l ope (degrees ) from one trap  to the next and ( 2 )  the d i s tance 
between tra ps .  D i s tance to the r i dgetop was s i mi l ar ly estimated . 
D i s tance from the sampl i ng s i te to the communi ty boundary ha s been 
def ined prev ious ly . Al l env i ronmenta l var iab l es were used i n  
correl ations wi th ord inati on scores to be descri bed l a ter . 
CHAPTER IV  
ANALYT ICAL METHODS 
Var ious  techni ques have been deve l oped to a na lyze vegetat ion  
data . C l u s ter techni ques (Whi ttaker 1 978b ) and ord i nat ion techniques 
( Wh i tta ker 1 978a ) were devi sed to respecti vely c lass i fy pl ant  communi ­
t ies  a nd exam ine vegetat iona l  g rad ients . 
The former techni ques were devel oped by researchers who bel onged 
to the communi ty concept school of vegeta tion .  They bel i eved that 
p l ant communi t i e s  exi st  a s  c l early defi na bl e types wh i ch can be 
c l a s s i f i ed a nd mapped ( Mc i ntosh  1 967 ) . The l a tter group , the 
i nd i v i dua l i s t i c  school , bel i eved that p l ant popu l at ions a re 
i ndependently d i s tr i buted across  the l andscape as  a resu l t of thei r 
i nd i vi dual env i ronmenta l tol erances ( G l eason 1 926 ) . I ndependent 
d i s tri buti ons resu l t i n  conti nuous vegetat ion  grad i ents such that 
mapp ing and cl ass i f i cati on of commun i ties  must  be s ubjecti ve .  
These two v i ews were a source of d i sagreement dur i ng the 
Botan i ca l  Congress i n  the earl y 1 96o • s  ( Gooda l l 1 963 ) . As a res ul t ,  
confu s i o n  a l so arose a s  to the purpose of ord i nati on a nd c l a s s i fi cati on 
techni ques i n  s tudyi ng vegetati onal patterns . Many thought of  these 
two techni ques as  be i ng exc l u s i ve (Mc i ntos h  1 96 7 ) . Others , such a s  
Wh i ttaker ( 1 978a ) , cons i dered these two techn i ques as  compati bl e i n  
that they i l l um i nate d i fferent aspects of the same vegeta ti on samp l e s .  
Gooda l l ( 1 963 and 1 978)  a l so cons idered ord i nati on and c l ass i fi cati on 
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as  compl ementary approaches . A combi na ti o n  of  the two techn i ques were 
used by Robertson ( 1 978 ) , H i nk l e ( 1 978 ) ,  Schma l zer { 1 978 ) a nd Stocum 
( 1 980) . A s imi l ar approach i s  u sed here to s tudy seed banks . 
I .  ORDINATION 
Ord i nati on is a techn i que used to arrange vegetat i o n  samp l es i n  
a gradi ent i n  rel a t i ons h i p to envi ronmenta l  grad ients (Whi tta ker  
1 956 ) . It i nvol ves the exami nat ion  of  trends i n  vegetation at three 
l evel s of observati on; ( 1 ) env i ronmental factors , { 2 )  s peci es popu l a­
t i ons , a nd ( 3 )  commun i ty characteri st ics  (Whi tta ker  1 967 ) . Ord i nat ion  
a ttempts to  s i mpl i fy a data set  ( Pi el ou 1 977 )  i n  hop i ng to y i el d a n  
eco l og ical ly  mean i ngful grad i ent of  sampl es or  spec i es . 
Ord i nat ion  techni q ues assume some model defi n i ng how spec i es 
popu l a ti on s  a re d i stri buted a l ong env i ronmental gradi ents . Ord i na t i on 
techn i ques used by Gauch a nd Wh i tta ker ( Gauch et a l . 1 977 ) rely on the 
Gauss i a n di stri buti on model of p l a nt popu l a ti ons . Aus t i n  ( 1 976 )  
exami ned the resu l ts of severa l ord inat ion  techn i q ues i n  response to 
arti f i c ia l  data sets havi ng d i fferent spec i es response curves . The 
s pec i es res ponse mode l s used were Gauss i a n  d i s tr i bution , beta funct ions , 
and eco l og i ca l  response . Aus t i n  found , for exampl e ,  that reci proca l 
averag i ng works  wel l wi th Gauss i an  di s tr i but ion  but poorly u s i ng the 
o ther spec i es response model s .  Aus t i n  ( 1 976 a nd 1 980 ) has  advocated 
deve l opi ng mean i ngful and real i st i c  spec i es response model s rather than 
further add i ng to the a l ready d i verse ordi nat i on techn i ques . 
Two types of ordi nation  techn i ques exi st : d i rect a nd i nd i rect . 
D i rect g rad i en t  a na lys i s  i nvol ves the p l otti ng of samp l es a l ong known 
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env i ronmental grad ients to wh i ch s pec i es populat ion changes can be 
rela ted .  Wei g hted averages i s  a d i rect ord i nati on techni que 
( Wh i tta ker 1 967 ) . Ind i rect gradi ent analys i s  arranges samples i nto 
grad i ents ba sed on s imi lar i ty of  flori s ti c  compos i t ion .  Hopefully the  
maj or ax i s  ( o r  a xes ) of the  o rd i nat ion  wi ll be correlated wi th i nter­
preta ble env i ronmental variable s .  Polar  ord i nat ion ,  pri nc i ple 
components analys i s ,  and rec i procal averag ing are i nd i rect techni q ues 
( Wh i ttaker 1 978a ) .  Rec i procal averag ing was used i n  th i s  s tudy . 
Rec i procal averag i ng ( he reafter a bbrevi ated R .A . ) o r  correspond­
ence analys i s  i s  an  e igenvector  techni que closely related to wei ghted 
averages ord i nat i on (Whi tta ker 1 978c ) and to pri nc i ple components 
analys i s  ( H i ll 1 973  and 1 974 ) . H i ll ( 1 97 3 )  i ntroduced th i s  techni que 
to the ecolog i cal research communi ty . 
R . A .  starts wi th a matri x (A ) of a i j  elements spec i fyi ng the 
s pec i e s  s cores ( rows ) from d i fferent samples ( columns ) .  T he algori thm 
i nvolves success i ve i terat ion of the s pec i es scores us i ng i ni ti al 
arb i trary sample scores (Yj ) a ttempt ing to def i ne the sample order 
along the vegetati onal grad i ent :  
x; = �a ;jYjla ; 
J 
and the sample scores us i ng the s peci es scores ( xi ) deri ved from the 
prev ious  i terat ion: 
Yj = �a i jXi /aj 
1 
After many i terati ons the result i s  a s table soluti on produc i ng 
complementary ord inat ions of speci es and samples . 
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Gauch et a l . { 1 97 7 )  compared R . A .  wi th pol a r  ord i nat ion and 
pri nc i p l e  components anal ys i s  us i ng s i mu l ated coenoc l i nes and coeno­
pl anes ba sed on  gau s s i a n  s pec i es di stri but ions . R .A .  was s hown to 
exh i b i t l es s  d i stortion  a nd i nvol ut ion of the coenocl i ne compared to 
the other techn i ques ; rec i proca l avera g i ng on  the other  hand tends to 
produce second and greater axes that are quadrati c or h i gher order 
functions of the fi rst axi s .  Th i s  produces a n  arch d i s tort i on a l ong 
h i gh axe s ;  consequent ly ,  h i gher axes are often uni n terpretabl e by 
correl a t ion wi th env i ronmenta l  variabl es . 
Aust i n  { 1 976 ) found a n  a rc h  effect i n  h i s ordi nati ons , but ,  l i ke 
Robertson { 1 978 } s howed that s uch  d i s tortion d i d  not precl ude obta i n i ng 
mean i ngful fi rs t axi s ord i nations . Recentl y H i l l  { 1 979 ) and Hi l l  and 
Gauch { 1 980 ) have devel oped a mod i f i cat ion of  reci procal averagi ng that 
mathematica l ly removes the a rc h  effect .  Th i s  1 1detrended correspondence 
analys i s 11 wa s not used i n  th i s  s tudy .  
R . A .  i s  al so sens i ti ve to outl i ers s i nce they resu l t i n  most  
sampl e s  bei ng ti ghtl y cl umped at one end of t he  ord i nat ion . It i s  
necessary to remove s uch sampl es or  spec ies  contri but i ng to the outl i er 
effect i n  order to obta i n  mean i ngful ordi nat ions (Gauch 1 97 7 ) . 
Whi ttaker ( 1 978c ) defi ned beta d i vers i ty or between-hab i ta t  
di vers i ty a s  the 1 1degree o f  c ha nge i n  s pec i e s  compos i ti o n  i n  the 
sampl es taken al ong a coenocl i ne . 11 Gauch et a l . { 1 9 7 7 )  s howed R . A .  to 
be i nsensi t i ve to beta d i vers i ti es up to 1 0  ha l f  changes ; at h i gh beta 
d i vers i ti es , however ,  bend i ng occurs a l ong the second and th i rd axes . 
At h i gher beta d i vers i ti es the pl ot sequences a l ong the fi rst ax i s  
can  be d i s torted . R .A .  was the l east  sens i ti ve to h i gh beta 
d i vers i ti es among the ord i nat i o n  techn i ques exam i ned . 
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In compar i ng  R .A .  wi th  other ordi nation techn i ques , Gauch et a l . 
( 1 97 7 )  found R . A .  s ens i ti ve to pl o t  d i sj unction . Those pl ots tha t have 
no spec i es i n  common s hou l d  be  removed by ord i nati ng  the d i sj unct  sets 
of p l ots separa te ly .  R . A .  does g i ve i nterpretab le  resu l ts wi th parti a l  
d i sj unctions i n  the data . 
R . A .  as  an i nd i rect ordi nati on techn i que i s  advantageous s i nce 
i t  i s  object i ve compa red to d i rect ord i na tion  techni q ues i n  whi ch the 
eco l ogi s t  chooses the grad i ent  end poi nt sampl es . R . A .  a l so produces 
s imul taneous spec i es and sampl e ord i nati ons ; other techni ques do not . 
R .A .  i s  l es s  sens i ti ve to d i sj uncti ons a nd h i gh beta d i vers i ty compared 
to other techn i ques . The outl i er probl em i s  mi nor s i nce i t  i s  ea s i l y  
so l ved . 
R .A .  was u sed i n  th i s  s tudy to examine  the seed bank pattern 
across  the boundary between the beech gap and s pruce stand . I n  the 
manner of Peet ( 1 980 ) the data set was further separa ted i nto beech gap 
seed ban k  and s pruce seed ban k .  The seed bank  pattern wi th i n  each 
commun i ty cou l d be exami ned i n  th i s  manner . Al l matri ces used 
contai ned seed dens i ty val ues per m2 . Ord i fl ex ,  an ord i nat ion  computer 
program set ( Gauch 1 977 )  was used to perform rec i proca l averag i n g .  
I I .  CLUSTER ANALYS IS  
C l u s ter  ana lys i s  was used to  determi ne whether groups observed 
i n  the o rdi nations  a re d i fferent enough to be c l a s s i f i ed a s  d i fferent 
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seed banks . C l ass i fi cat i on techn i ques group vegetat i on samp l es i nto 
cl usters wi th s i mi l a r  spec i es compos i t ions . 
C l a s s i f i ca t i ons can be h i erarch i ca l  or  ret i cu l ate ; most  
eco l og ica l  c l a ss i fi cati ons have been h i e rarch i ca l  because these methods 
are s impl e and easy to unders tand ( P i el ou 1 97 7 ) . C l ass i f i cat i on 
techni ques can be d i v i s i ve or  aggl omerati ve .  The former means that one 
l a rge group i s  s ucces s i ve ly di v i ded i nto smal l er groups , whereas the 
l a tter means that sampl es are grouped on the bas i s  of some measure of  
s im i l ar i ty.  Al l c l ass i fi cat ion  tec hni q ues conta i n  a n  e l emen t of 
s ubjecti v i ty when one sel ects a l evel wi th i n  the h i era rchy of the 
cl u s ter dendrogram that defi nes meani ngfu l groups .  
M INFO , a h i erarch i ca l  aggl omerati ve c l as s i f i cat ion  techn i que 
wri tten i n  FORTRAN by Gol dstei n a nd Griga l  ( 1 972 ) wa s used . Thi s 
a l gori thm i s  der ived from Or loc i ' s  ( 1 969 )  mutua l i nformati on method . 
Robertson ( 1 97 9 )  found , u s i ng s imu l a ted coenopl anes , that MI NFO per­
formed better at h i g h  beta d i vers i t i es than d i d  MD ISP ,  another c l us ter 
program . On the average both techni ques performed wel l .  
The mutual i nformat ion contai ned i n  the matr i x  A i s  defi ned a s :  
where SA = E E x i j  i s  the val ue o f  the i th spec i es from the jth  
i j e:A 
sampl e .  I n  thi s  case Xi j  i s  seed dens i ty per meter squa red . "A" can 
refer to a n  i nd i vi dual sampl e or  groups of  sampl es . Dur i ng each cyc l e 
of the program , pai rs of samp l es or  sampl e groups are grouped together 
when thei r cl u steri ng resu l ts  i n  the m i n i mum i nc rease  i n  the mutual 
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i nformat ion  va l ue .  When t i es occur the a l gor i thm has a random number 
genera tor to determ i ne wh i ch samp l e or  group i s  added to the previous  
group ( Go l d s te i n  a nd Gr i ga l  1 972 ) . 
I I I .  D ISCRIMINANT FUNCTION ANALYS IS 
D i scrimi nant func t ion ana lys i s  is  a mu l ti var iate techn i que used 
to ascerta i n  d i fferences between two or more groups by fi nd i ng a set 
of l i near comb i na tion s  of the va ri ates g i v i ng the greatest separat ion  
between the group  means ( Pi e l o u  1 977 ) .  
The fol l owi ng  stat i s t i ca l  d i scus s i on rel i es heavi ly  on Ta tsuoka 
( 1 97 1 ) .  D i scr im i nant ana lys i s  i s  essenti a l ly  a mu l ti var iate ana l ys i s  
o f  var i ance where the object i s  t o  maximi ze the var iance between the 
groups . Th i s i s  accompl i s hed by max imi z i ng the fo l l ow i n g :  
� ill = v ' Bv ; A ss;lYT v ' Wv 
Thi s i s  the between groups sum of  squares d i vi ded by the wi th i n  groups 
sum of squares . B and W are , respecti vely ,  the between groups sum of  
squares cross  products matr i x  a nd the wi th i n groups sum of squares 
cross products ma tri x .  The rat i o  i s  maximi zed by the unknown tra ns-
formati on vector v .  
By di fferen tiat i ng the above equation  wi th respect to A a nd v ,  
i t  i s  poss i b l e  to fi nd a sol ut ion  that max imi zes the d i fference between 
the group s .  The resul ti ng e i genvector , V i , conta i n  wei ghts deriv i ng 
di s cr im i nant  funct ions  i n  the form : 
Y i = v i 1 x1 + v i 2x2 + v i 3x3 + . . .  + v ipxp 
The K- 1 di scrimi nant functi ons  optima l ly di fferenti ate between the K 
groups . The f irst  funct i o n  represents the d imens ion  a l ong whi ch the 
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max imum group d i fferenti ati o n  occurs . The second funct ion  i s  i nc l i ned 
a l ong the l argest group separat i o n  not represen ted i n  the f i rst 
funct ion . 
Each di scrimi nant funct ion  i s  uncorrel a ted wi th the prev i ou s  
functi ons i n  o rder of i ncrea s i ng e i genva l ues ; consequently ,  i t  i s  
poss i bl e  to use  the e i genvector wei ghts ( v i p ' s ) correspondi ng to eac h  
pred i c tor var i ab l e to determi ne those var i a bl es contri buti ng most to 
the group sepa rati on on each  d i scrimi nant axi s .  The s tandari zed 
wei ghts are ca l cu l a ted by mul ti p lyi ng each  var iab l e we i g ht by i ts 
s tandard dev i a ti on from the correspond i ng d i agonal el ement of the W 
matr i x .  The l argest standard i zed we i ghts correspond to the most 
importa nt d i scr im i na ti ng var iab l es . 
D i scr i mi nant  ana l ys i s  programs prov i de F s ta ti s t i cs to determi ne 
whether s i g n i fi cant d i fferences exi st between the groups . These F 
tests a l l ow hypothes i s  test i ng when u s i ng d i scr iminant analys i s .  
Di scrimi nant  analys i s  can a l so be u sed to c l a s s i fy sampl es . 
D i scr imi nant a na lys i s  produces c l ass i f icat ion  equati ons to be u sed i n  
c l a s s i fy i ng e i ther the samp l es used i n  der i v i ng the funct ions o r  
samp l e s  col l ected i ndependently from the i n i t i a l  set of samp l es . Eac h  
observation i s  a s s i g ned to the group i t  ha s the h i ghest probabi l i ty o f  
bel ongi ng to . Compar i son of  the known groupi ng wi th the expected 
group i ng i n  the c l a s s i f i ca ti on matr i x  a i ds i n  eval uati ng the effect i ve­
nes s  of the d i scrimi nant functi ons ; consequent ly ,  t he  tota l percent 
correct c l a s s i f i cat ion  i s  a measure of the success of d i scrimi nat ion  
between the groups ( Kl ecka 1 975 } .  
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To c i rcumvent the c i rcu l ar i ty of the a bove approach  of 
c l a s s i fying  the samp les on the bas i s  of d i scrimi nant functi ons deri ved 
from the same sampl es , a jackkn i fe c l a s s i f icat ion matr i x  ha s been used 
( D i xon  and Brown 1 97 7 ) . Thi s procedure c l a s s i fi es each case u s i ng 
d i scr i mi nant functions deri ved from a l l other cases ; the resu l t i ng 
c l a s s i ficat ion matr ix  i s  conseq�ently more conservati ve .  
Pl ots of samp l es al ong the fi rs t  two d i scrimi na nt functi ons a i d  
i n  determi n i ng the success of  the di scrimi nant ana l ys i s . I ntermi ngl i ng 
sampl es from d i fferen t groups suggests uns uccessful d i s cri m i na tion . 
The di stances between the group centro ids  a l so perm i ts a n  eva l uation  
of the success of the analys i s  ( Kl ecka 1 975 ) . 
The d i scrimi nant func tion  equat i on revea l s each d i scrimi nant 
tra nsformed vari a b l e  ( Y i ) is  defi ned as  a l i near combi nat i on of the 
predi ctor var i abl e X i to xp . Thi s  i s  true , assumi ng t hat the pred i c tor  
var i a bl es a re mul ti va ri ate norma l ly  d i stri buted and  that the  group 
vari ance covari ance matri ces a re equa l . Accord i ng to P i el ou ( 1 977 ) 
both of  these assumptions were unl i ke ly to be sati sf ied for eco l og i ca l  
data . Kl ecka ( 1 975)  stated tha t  i n  practi ce , the techn i que " i s  very 
robust and the as sumpti ons need not be strong ly  adhered to . " 
D i scrimi nant  ana lys i s  ha s been used wi th structura l  envi ronmenta l  
var iab l es to exami ne sma l l mammal n i c hes by Dueser and Shugart ( 1 979 ) , 
Seagl e ( 1 980 ) ,  a nd to exami ne herbaceous p l ant  n i ches by Mann  ( 1 977 ) . 
Schma l zer ( 1 978 ) used d i scrimi nant analys i s  to s how that the groups 
deri ved from c l u ster ana lys i s  cou l d  be d i st i ngu i shed on  the bas i s  of 
envi ronmental var i a b l es . Go l ds te i n  a nd Gr i ga l  ( 1 972 ) used d i scrimi nant 
ana l ys i s  to compare c l uster ana lys i s  techn i ques . Stocum ( 1 980) u sed 
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d i scrimi nan t  a na lys i s  to choose l ess  s u bj ect i vely the l eve l of d i s per­
s i on i n  cl uster  ana lys i s g i v i n g  mean i ngfu l  groups . 
I n  th i s  study di scr imi nant analys i s  was used to o bjecti vely 
determi ne wh i c h  l evel of mutual i nformat ion  seed ban k  groups defi ned 
by M INFO cou l d  be d i st i ngu i s hed . The l evel of mutua l i nformat ion  was 
determi ned by f i nd i ng the number of groups ( 1  , 2 , 3 ,4 )  g i v i ng the h i ghest 
percent correct c l a s s i ficat i o n .  The h i g hest  percent correct cl a s s i fi ca­
tion refl ected the greatest  a b i l i ty of  the d i scrimi nant functions to 
d i sti ngu i s h  among the groups .  D i s crimi nant analys i s  was a l so used to 
eva l uate changes i n  the seed bank  wi th i ncrea s i ng depth i nto the so i l . 
A stepwi se d i scrimi nant analys i s  p rogram BMDP7M was used i n  th i s  
study ( D i xon  a nd Brown 1 977 ) . L i ttl e tru s t  was p l aced i n  the F tests 
s i nce seed den s i ty most l i ke ly exh i b i ts a poi s son d i s tri but ion . 
I V .  D IVERS ITY 
D i vers i ty i nd i ces of the seed ra i n  a nd seed ban ks were ca l cu l a ted 
to determi ne whether pa tterns of spec i es r i c hness a nd commonness occur 
across  the pl ant  commun i t i es ' boundary .  Peet ( 1 974 ) ca utioned that 
d i vers i ty i nd i ces quanti fy di fferent a s pects of the data a nd can be 
vague i n  the i r  mean i ng .  
Peet ( 1 974 ) c l ass i fi ed d i vers i ty i nd i ces i n to three categories : 
( 1 ) r i chnes s , ( 2 )  heterogenei ty ,  a nd ( 3 )  equ i tab i l i ty .  Spec i es n umber 
or r i chness i s  s impl y  the number of spec i es present i n  the sampl e .  
Th i s  i s  the eas i est i ndex to u nderstand ; i t  i s  mi sl eadi ng , however , 
because i t  i s  dependen t on  sampl e s i ze ( P i e 1 ou 1 977 ) . 
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Heterogene i ty i nd i ces quanti fy spec i es ri chness a nd evenness . 
The Shannon-Wi ener and S impson i nd i ces are of thi s type . Equ i tab i l i ty 
i nd i ces quan t i fy the evenness of the spec i es present . 
Speci es r i c hness and heterogenei ty i nd i ces were cal cul ated for 
each seed ra i n  and seed bank sampl e s i te . A program us i ng equat ions 
from Whi tta ker ( 1 975 ) ,  wr i tten by Anne Stocum and mod i fi ed by the 
a uthor was used to ca l c u l ate the fo l l owi ng  i nd i ces . 
1 .  Spec i es number or ri chness 
d = s 
where S i s  the number of spec i es i n  the samp l e .  S was not 
d i v i ded by l og A a s  i s  norma l l y  done to reduce sampl e s i ze 
b i a s  s i n ce a l l sampl es were of the same a rea (A ) . 
2 .  S impson ' s  Index , measur ing domi nance concentra ti o n : 
s 
c = r P ; 2 
i = l 
where p i s  rel a t i ve den s i ty .  
3 .  Shannon-Wiener I ndex , measuri ng equ i tabi l i ty :  
s 
H '  - - E Pi l og P i 
i =l 
V .  GERM I NATION VALUE 
Germ i nati on val ue ( Czabator 1 962 ) was cal cu l a ted u s i ng the 
fol l owi ng equati on i n  a computer program wri tten  by t h i s  a uthor :  
GV = PV X MDG 
Peak val ue ( PV )  i s  the h i g hest va l ue of a l l the fi gures  ca l cu­
l ated i n  the fo l l owi ng manner . For each day germinati ng seeds are 
5 1  
counted , the tota l cumu l a t i ve percent germi nation  i s  d i v i ded by the 
number of days s i nce the beg i n n i ng of the germ i nat ion  test .  PV 
expresses the rate of germ i na ti on because a q u i c kl y  germi nat i ng samp l e 
wi l l  have a h i g her  n umerator than a s l ower samp l e on each count day .  
The resul t  i s  a h i g her PV  val ue for the former samp l e .  
Mean dai ly germi nat ion ( MDG ) i s  the fi nal  total germ i nat ion  
percent d i v i ded by the number of days of the  test ;  consequently ,  MDG 
expresses the overa l l germ i nat i on s uccess .  
Germi na tion  val ue expresses the germi nat ion rate and tota l 
germ i na ti on of a seed sampl e a nd was ca l c u l ated for a l l germi na tion  
tests . 
VI . JACCARD ' S  COE FF IC IENT OF S IM I LARITY 
Jaccard ' s  Coeffi c i ent of s i m i l ar i ty was ca l cu l ated to exam i ne 
the s imi l ar i ty between the vegetation , the seed ra i n ,  a nd the seed 
ban ks of the two communi t ies . Th i s  presence coeffi c i en t  i s  defi ned as : 
ISJ = c X 1 00 
a + b + c 
where c i s  the n umber of spec i e s  i n  common , a i s  the number of spec i es 
un ique to the fi rst samp l e ,  a nd b i s  the number of spec i es un ique to 
the second samp l e  (Mul l er-Domboi s  a nd El l enberg 1 974 ) . 
Thi s  i ndex , rather than a more qua n t i ta t i ve one ,  was u sed so 
compar i sons cou l d be made between the resu l ts reported here and those 
of Dobberpuhl  ( 1 980) from l ower el eva ti o n  s i tes  i n  Eas t  Tennessee . 
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V I I . DESCRIPTIVE STATI STICS 
Descri pti ve s tati st ics  were ca l cu l a ted u s i ng programs from the 
Stat i st i ca l  Ana l ys i s  System ( SAS ) ( He lwi g and Counc i l  1 979 ) .  Non­
parame tr i c  stati st i c s  were ca l cu l ated from programs provi ded by 
S tati s ti ca l  Package for the Soc i al Sci ences ( SPSS) (Hu l l a nd N i e  1 979 ) . 
CHAPTER V 
THE VEGETATION 
In  order to u nderstand the seed ra i n  a nd seed bank data , i t  i s  
necessary to exami ne the vegetat ion  present i n  both commu n i t i es .  
Tabl e 2 summar i zes the overs tory vegetat ion  u s i ng den s i ty ,  basal area , 
a nd importance val ues ( rel at ive dens i ty + rel at i ve ba sal  area ) . The 
beech gap i s  c l early domi nated by Fagus grand i fo l i a  wi th  a n  average 
den s i ty two magni tudes greater and a basal area one magn i tude grea ter 
than any other spec i es .  P i cea rubens , Betu l a  l utea , Ame l a nc h ier  l aev i s  
a nd Aescul u s  octandra are o f  l e s s  importance i n  the canopy .  
P i cea rubens domi nates the spruce stand , wi th Betul a l utea bei ng 
the next most i mporta nt canopy tree . Ame l a nc h i er l aevi s occurs l ess  
frequentl y .  Counts a nd d . b . h .  measurements reveal th i s  s tand was once 
a s pruce-fi r communi ty before the bal sam wool l y  aph i d  ki l l ed the Ab i es 
fraseri trees . 
F igure 6A and B shows the changes i n  importance va l ues  for the 
overs tory and rel a ti ve den s i ty for the u nderstory across  the boundary 
between the beech gap and s pruce stand . Fagus grand i fo l i a  and Pi cea 
rubens i ntergrade wi th each other i n  a zone about  20 to 30 m wi de . 
Aescu l u s  octandra , Betul a l utea , a nd Ame l anch i er l aevi s appear to be  
ecotonal i n  occurrence ; only Amel anc h i er l aevi s ,  however , i s  l imi ted to 
the ecotone . 
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Tab l e  2 .  Beech Gap and Spruce Stand Overstory Vegetati on . 
Speci es 
Fagus grandi fol i a  
Pi cea ruben s 
Amelanchi er l aevi s 
Aescu l us  octandra 
Betu l a l utea 
Cornus alterni fol i a  
Acer rubrum 
Pr'iJ"nus seroti na 
V i burnum a l n i fol i um 
Abi es fraseri 
Acer pensyl vani cum 
RUbUs canadens i s 
Sorbus ameri cana 
Ab i es fraseri dead 
D ± SE* 
1 787 + 1 42 
40 + 23 
34 + 2 1  
22  + 1 0  
1 9  + 1 0  
1 5  + 1 5  
6 + 4 
6 + 6 
3 + 3 
3 + 3 
3 + 3 
Beech Gap 
BA + SE* IV ± SE* 
2 1 . 30 + 2 . 55 
0 .01 
1 . 0 1  + 0 . 68 
0 . 94 + 0 .  70 
1 .67 + 1 . 6 2  
<0 .01 
1 . 62 + 1 . 62  
<0 .01 
<0 . 0 1 
0 . 0 1 + 0 . 01 
<0 . 01 
1 73 + 1 2  
6 + 4 
5 + 3 
4 + 2 
6 + 5 
<l 
5 + 5 
<l 
< 1 
< l  







1 3  
25 
1 3  
1 3  
1 3  
1 3  
Spruce Stand 
D ± SE* BA ± SE* IV ± SE F* 
1 1 3  + 52 1 . 38 + 0 . 63 
81 2 + 1 52 35 . 80 + 6 . 63 
32 + 1 4  1 . 46 + 0 . 7 1 
1 03 + 53 
32 + 1 5  
1 69 + 67 
39 + 39 
1 32 + 60 
4 + 4 
35  + 2 1  
1 83 + 57 
6 . 05  + 1 . 25  
0 . 03 + 0 . 02 
0 . 02 + 0 . 0 1 
0 . 1 1  + o . 1 1  
0 . 05 + 0 . 02 
<0 .01 
<0 . 0 1 
1 0 . 72 + 3 . 6 1  
1 0  + 4 57 
1 3 1 + 10 1 00 
7 + 3 57 
23 + 7 l 00 
3 + 1 57 
1 3  + 5 86 
2 + 2 1 4  
9 + 4 86 
<l 1 4  
3 + 1 43  
*D � SE = Dens i ty of  stems per  hectare � 1 standard error .  BA � SE = basal area ( m2 ) of  s tems per 
hectare + 1 s tandard error . IV + SE = i mportance val ue ( re l ati ve dens i ty + rel at i ve basal area ) + 1 
s tandard-error . F = frequency of occurrence out of ei ght beech gap p l ots and seven s pruce stand pl ots . 
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F i gure 6 .  Overstory Importance Val ues and Unders tory Rel at i ve 
Dens i ty a l ong Vegetation Transect . 
A .  Overstory Importance Val ue . 
B .  Understory Rel at i ve Dens i ty .  
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The  u nderstory a l so ha s  a gradua l i nterm i x i n g  of P i cea rubens 
a nd Fagus grand i fo l i a .  Obv i ou s ly  the beech gap understory i s  domi nated 
by Rubus canaden s i s  and Fagus grand i fo l i a .  The s pruce stand understory 
i s  c haracter i zed by the presence of several  spec i es , i ncl ud i ng Acer 
pensyl van i cum , Acer rubrum , V i burnum a l n i fo l i um ,  Vacc i n i um 
erythrocarpum, Betu l a  l utea , and Sorbus ameri cana . 
F igure 7A and B s hows the d i ameter d i s tr i but i o n  of  the four  most  
common tree spec i es at the study s i te :  P i cea rubens and Betul a l u tea 
a nd Fagus gra nd i fol i a  and Ab ies fraser i . 
P i cea rubens shows gradual decl i ne i n  numbers of s tems from 
sma l l to l a rge d . b . h .  Betul a l utea had few smal l d . b . h . s tems ; i ts 
popu l a tion  was composed of trees of l a rge d i ameters . Fagus grand i fo l i a  
had h i g h  dens i ti es o f  young s tems but di d not grow to d i ameters greater 
than 40 em d . b . h . 
Ab ies  fraseri s i ze c l ass  d i s tr i but ion  s howed no l i v i ng s tems 
greater than 1 2  em d . b . h .  Al l s tems greater than 1 2  em d . b . h .  were 
ki l l ed by the ba l sam woo l ly  aph i d  i nfestat i o n . I t  i s  not c l ear whether 
or not any Ab ies fraseri trees wi l l  be found i n  the sma l l e r  s i ze 
c l asses  i n  the future . The absence of any seed source suggested no 
further reproduct i on wi l l  occur unti l the present young trees bea r  
seeds . 
The beech gap understory (Tabl e  3 )  i s  qu i te open wi th Rubus 
canadens i s and Fagus grand ifol i a  bei ng the most common speci es . Rubus 
canaden s i s ,  however,  forms a typi ca l  th i cket a t  the s i te of a 83 em 
d . b . h .  senscent Acer rubrum . Other s hrubs  are i nfrequent a nd l ow i n  
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Figure 7 .  S i ze C l ass  D i str i buti on ( 2  em I nterva l s )  o f  Pi cea 
rubens ,  Betul a l utea ,  Fagus grandifol i a ,  a nd Abi es fraseri . 
A .  Pi cea rubens a nd Betu l a l u tea . 
B .  Fagus grand i fo l i a  a nd Abies fraser i . 
5 7  
Tab l e 3 .  Beech Gap and Spruce Stand Shrub  Vegetati on . 
S eci es 
Rubus canaden s i s  
Fagus grandi fol i a  
Ame l anch i er l aevi s 
V i burnum al n i fol i um 
Cornus a l tern i fo l i a  
Lil i um arboreum 
Abi es fraser1 
Betu l a  l utea 
Pi cea rubens 
Vacci n i um er�throcarQum 
Acer rubrum 
Sorbus ameri cana 
Acer Eens�l van i ca 
Prunus pensyl vani  ca 
Beech 
Dens i t  ha 
1 738 + 970 75 
1 007 + 282 88 
2 1 3  + 2 1 3 1 3  
6 1  + 61  1 3 
3 1  + 3 1  1 3  
3 1  + 30 1 3  
31  + 30 1 3  
SQruc_e 
Dens i t  /ha 
1 306 + 646 
35 + 35 
201 2  + 433 
7 1  + 46 
529 + 390 
494 + 235 
388 + 309 
3 1 8 "+ 279 
282 + 244 
1 4 1  + 1 06 
1 06 + 1 06 
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The spruce stand u nderstory conta i n s  h i gh  dens i ti es and fre­
quenc ies  of V i burnum a l n i fol i um ,  Rubus canaden s i s ,  and Vacc i n i um 
erythrocarpum .  Betu l a  l utea , Sorbus amer i cana , a nd Prunus pensyl vani ca 
a re presen t i n  the samp l e  wi th the h i g hest  dens i ty of dead Ab ies 
fraser i . I n  the a rea of greatest canopy d i s turbance Rubus canadens i s  
formed a nearly impenetrabl e th i c ket . 
I n  May the beech gap herb layer (Tab l e  4 )  was domi nated by 
C l ayton ia  vi rgi n i ca ,  Erythron i um ameri ca num and Phacel i a  fimbr iata w i th 
patches of Carex i n tumscens and C .  pensyl van i ca . I n  the spr i ng i t  
appears t o  b e  s now covered because o f  the dense coverage of Cl ayton i a  
v i rg i n i ca fl owers . Other herbs b l oomi ng at  th i s  t ime i nc l ude Tr i l l i um 
erec tum , Tha l i c trum d i o i cum , Stel l ar i a  pubera , and Hous ton i a  
serpyl l i fo l i a .  
By Ju ly ,  the spri ng ephemera l herbs have di ed bac k ;  con sequently ,  
Laportea canadens i s ,  ferns , S tachys c l i ngman i i ,  Impat ien s  pa l l i da ,  
Ange l i ca trigu i na ta ,  and Sol i dago s p .  are domi nant . Other important  
herbs are Prenanthes a l ti ss ima a nd Aster d i varicatus . Epi fagus 
vi rgi n i ana , Al l i um tri coccum , Cau l ophyl l um tha l i ctro i des , Polygonatum 
sp . ,  Smi l ac i na racemosa ,  and Hydrophyl l um v i rg i ni ana were observed i n  
the beech gap ,  but were not present i n  the sampl e pl ots . The beech gap 
ground cover probab ly  represents Cra ndal l ' s Athyr i um s i te type ( 1 95 9 ) . 
The s pruce stand herbaceous vegetat ion  (Tabl e 5 )  had l ess  
s pec i es ri chness than the beech gap .  Oxa l i s  monta na ,  Caca l i a  rugel i a ,  
a nd vari ous ferns were the most  common herbs . The presence of Cl aytoni a 
v i rgi n i ca and E rythron i um ameri canum was due to an i so l ated i s l a nd of 
beech gap herbs u nder the s pruce canopy 1 5  m from the defi ned boundary .  
Tab l e  4 .  Beech Gap Herbaceous Vegetati on . 
S�eci es 
C l ayton i a v i rg i n i ca 
Poa a l sodes 
Ery_thron i um ameri canum 
Houston i a  ser�h�l l i fol i a  
Carex i ntumescens 
"carex �ensy_l van i ca 
Ste1 1 ar i a  �ubera 
Phacel i a  f imbri ata 
Sol i dago s p .  
Prenanthes a l ti s s ima 
Stachy_s c l i mgmani i 
Angel i ca tri gu i nata 
Luzu l a echi nata 
Im�ati ens �al l i da 
Aster d i vari catus 
L i 1  i urn s u�erbum 
Tri l l i um erectum 
Rubus canadens i s  
Dentari a di �h�l 1 a  
Poaceae 
Tha 1 i ctrum d i oi cum 
Rudbecki a 1 ac i n i ata 
Fagus grand i fo1 i a  
Pteri do�hy_tes 
La�ortea canadens i s 
Cuscuta gronov i i 
Smi l ax s p .  
Dens i ty_Lm2 
May Ju ly 
1 1 76 + 405 
55 + 1 67 40 + 88 
46 + 40 
45 + 1 82 
26 + 34 1 3  + 26 
34 + 92 
14 + 22 6 + 7 
1 0  + 1 5  
1 0  + 1 0  7 + 8 
6 + 1 0  3 + 4 
4 + 8 1 4  + 1 8  
4 + 5 6 + 1 3  
4 + 1 6  <l 
3 + 6 3 + 4 
2 + 4 3 + 4 
1 + 3 
1 "+ 2 
1 + 1 1 + 2 
1 + 1 
< 1  
< 1  
< 1  
< 1 1 + 1 
< 1 3 + 2 
1 9  + 1 2  
<l 
< 1 
Coverage {% }  I V  {%}  Freguency_ {% )  
May Ju ly Ma� Ju l� Ma� Jul� 
78 + 1 7  1 42 + 28 1 00 
3 + 3 4 + 9 6 + 9 1 4  + 4 60 91 
9 + 8 1 4  + 1 2  90 
1 + 2 3 + 1 1 1 5  
2 + 2 4 + 8 3 + 5 1 1  + 8 55 36 
2 + 5 3 + 9 1 5  
1 + 1 < l  3 + 4 4 + 6 55 55 
4 + 9 8 + 1 4  50 
2 + 2 4 + 6 3 + 3 1 1  + 1 5  80 73 
4 + 1 1  1 + 1 3 + 7 5 + 6 6 5  55  
1 + 1 1 2  + 1 9  1 + 2 26 + 42 40 55 
2 + 4 7 + 1 6  3 + 6 1 0  + 2 1  60  45 
1 + 2 <l <l T 1 0  1 0  
<l 5 + 8 1 + 2 1 4  + 25  30 36 
1 + 1 1 + 3 1 + 2 6 + 8 35 45 
1 + 3 2 + 6 1 5  
1 + 1 1 + 2 1 5  
1 + 1 5 + 8 1 + 1 7 + 1 2  25  36  
<l <l 25  
< 1  < 1  5 
< 1  < 1  5 
< 1  < 1  5 
< 1 4 + 8 < 1  6 + 1 1  5 64 
< 1 24 + 25 < 1  26 + 30  5 73 
1 5  + 1 1  33 + 29 1 00 
<T <T 1 8  
< 1 < 1 1 0  
"" 0 
Tabl e 4 .  ( Conti nued ) 
Dens i ty;m2 Coverage ( % )  IV  (% )  Frequency (% )  
Speci es May Ju l_y_ __ ___ May __ __ July May Ju ly May July 
Eupatori um rugosum 
Streptopus  roseus 







< l  
< l  
< l  
*Twenty pl ots were sampl ed i n  May 1 980 and  1 1  i n  Ju ly 1 979 . 
< 1  
< l  
< l  
< l  
1 0  
1 0  1 0  
1 0  
0'1 
....... 
Tab l e  5 .  Spruce Stand Herbaceous Vegetati on . 
S�eci es 
Oxal i s  montana 
Lyco�odi um l uc i dul um 
Cacal i a  rugel i a  
C l i nton i a  boreal i s  
Vacci n i um er�throcar�um 
Pteri dophytes 
Carex �ensyl van i ca 
C l aytoni a  v i rgi n i ca 
Pi cea rubens 
Erythron i um ameri canum 
Vi burnum al n i fol i um 
Rubus canadens i s  
Iuzu l a ech i nata 
Stre�to�us roseus 
Ab i es fraseri 
Prunus  �ensyl van i ca 
Betu l a  l utea 
Tri l l i um erectum 
Acer �ens�l vani cum 
Eupatori um rugosum 
Dens i t�;m2 
Ma� Ju l� 
767 + 726+ 487 + 720 
8 + 1 0  8 + 1 5  
7 + 4 7 + 5 
3 + 8 2 + 5 
2 + 3 1 + 2 
1 + 2 1 + 1 
1 + 4 1 + 1 
1 + 2 
1 + 1 1 + 2 
<l 
1 + 1 1 + 2 
<T 
< 1 
< 1 < 1  
< 1 < 1  
< 1 
< 1 < 1 
< 1 
< 1 
2 + 5 
Coverage {%}  
Ma� Ju l� 
25  + 26 26 + 27 
1 + 1 1 + 1 
1 4  + 1 0  1 5  + 1 1  
7 + 2 1  5 + 1 6  
9 + 25  6 "+ 1 1 
3 + 4 1 5  + 22 
2 + 7 <l 
<l 
5 + 1 3  5 + 1 4  
<l 
1 + 1 6 + 9 
2 + 5 
<l 
< 1  < 1 
< 1  2 + 7 
< 1  
< 1  < l  
< 1  
< 1 
< 1  
*Twel ve pl ots were sampl ed i n  J u ly  1 979 and 1 8  i n  May 1 980 . 
+The val ues are the means + the standard dev i at i on .  
I V  {%)  
Ma� Ju l� 
1 1 7  + 58 1 1 6 + 1 86 
7 + 23 8 + 1 7  
24 + 23 22 + 20 
5 + 1 4  3 + 1 1  
27 + 57 4 + 8 
8 + 1 0  1 6  + 22 
1 + 4 <l 
<l 
4 + 9 8 + 1 7  
<l 
2 + 7 1 1  + 2 1  
3 + 8 
<l 
< 1 < 1  
1 + 2 2 + 5 
<l 
< 1 1 + 3 
< 1 
< 1  
9 + 30 
Freguenc� {% )* 














1 1  8 
1 7  1 7  
6 
1 7  8 
6 
6 
1 7  
0"\ 
N 
-- ----- - ---- ----------
Other spr i ng b l oomi ng herbs occurred i nfrequently i n  the spruce 
s tand . 
6 3  
The s pruce sta nd a l ong the l owest transect was devo i d  o f  
vegetati o n ,  except for some Lycopod i um l uc i du l um ,  Oxa l i s  montana , a nd 
Vacci n i um erythrocarpum ; consequen tl y ,  th i s  s i te probably represented 
C randa l l • s ( 1 959 )  V i burnum-Vacc i n i um-Lycopodi um spruce s i te type . 
The rema i nder and majori ty of the ground cover represents Cranda l l • s  
V i burnum-Vacc i n i um-Dryopteri s s i te type . 
CHAPTER V I  
THE SEED RA IN 
Seed ra i n  data were col l ected for one year .  Fi gure 8 i l l us ­
trates the seed ra i n  pheno l ogy . The seed ra i n  peaks i n  the fa l l  a nd i n  
the spri ng . Seventy-one percent of a l l seed col l ected was Betu l a  
1 utea a nd 1 5% was C l ayton i a  v i rgi n i ca . On ly  2% were Fagus grandi fo l i a  
a nd 1 %  Pi cea ruben s .  
Sol i dago s p . , Aster cord i fol i us ,  Betu l a  l utea , P i cea rubens , 
Fagus grand i fo l i a ,  Caca l i a  ruge l i a ,  V i burnum a l n i fo l i um ,  Eupator i um 
rugosum , Prenanthes a l ti s s i ma ,  Impati ens pa l l i da , and Angel i ca 
tri qu i nata a l l d i s perse seeds i n  the fa l l .  
Spr i ng d i s pers i ng s pec ies  i nc l ude C l aytoni a v i rgi n i ca , Phacel i a  
fimbri ata , Carex pensyl van i ca , and Poa a l sodes . Oxal i s  montana , 
Amel anch i er  l aevi s ,  Laportea canadens i s ,  a nd Rubus canaden s i s d i s perse 
seeds duri ng mid and l a te summer . The phenol ogy d i agram s hows a 
conti nuous  seed ra i n  throughout the year ;  the data col l ecti o n  was not 
frequent enough , however, to exami ne d i s persal per iod overl ap  between 
spec ies . 
S i nce most seeds o f  Betu l a  l utea and P i cea rubens d i s persed 
duri ng the autumn , i t  i s  probab ly  i ncorrect that seeds of these 
spec i e s  d i s persed i n  fa i r ly  h i gh n umbers dur ing  the months of Marc h ,  
Apri l ,  and May a s  Fi gure 8 s uggests . Ice  and s now prevented trap 
col l ection  more frequentl y dur i ng thi s per iod .  
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Cuscuta gron� i i  
Cagal ia rugelia 
Eupat orium rugosum 
Impati ens pall ida 
Frsnan the s  alti s s ima 
Viburnum alnifolium 
Angel i c a  triguinata 
Sol idago spp . 
� divaricatus 
2 
S E E D  C 0 L L E C T  I O N  P E  R I O  OS 
Figure 8 .  Seed Ra i n  Phenol ogy Summary . Bar he ight  represents 
the proport ion  of a l l seeds of a s pec i es col l ected duri ng a parti cu l ar 
t ime period . Bar l ength represents the l ength of the seed ra i n  
col l ecti on per i od .  Sol i d  bars = grav i ty traps and open bars = st i cky 
traps . Numbers above and bel ow the respecti ve bar type are the tota l 















Claytonia virginiaa 0 
50 
Acer rubrum 
�araxacum off icinal e 
Carex pensylvanica 
Phac e l ia fimbriata 
Poa alsodes 
Oxal i s  montana 
Amelanchier laevis 
Laportea canadensis 
Carex intume sc ens 
Rubus canadens i s  
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The occurrence  of C l ayton i a  v i rgi n i ca seed enteri ng the traps 
i n  numbers throughout the year was the resu l t of winds b l ow i ng seeds 
a l ready di spersed i n to the l eaf  l i tter .  Al though the pheno l ogy d i ag ram 
s hows a total of 1 75 Fagus grand i fo l i a  n uts col l ected duri ng the year ,  
on ly  two o f  them were found to be fu l l ;  the maj or i ty were a borted . 
Unfortunate ly ,  the tetrazo l i um v i abi l i ty test was negat i ve for 
v i ab i l i ty ;  i t  was ,  however , suspected tha t  the reagent had deter iora ted 
a t  that t ime . 
Tab l e 6 s ummari zed the seed ra i n  by s i te and by trap type . The 
l ow frequency of most  seeds prevented testi ng the hypothes i s  that 
s i gn i fi cant  changes i n  seed ra i n  compos i ti on a nd dens i ty wou l d  occur 
wi th i ncrea s i ng d i s tance from the boundary .  Spec i es common to both 
communi ti es were Betu l a  l u tea , P i cea rubens , Fagus grand i fo l i a ,  
Amel anch i er l aev i s ,  C l ayton i a  vi rgi n i ca ,  Poa a l sode s ,  Eupa tori um 
rugosum , a nd Caca l i a  ruge l i a .  Of these ,  the fo l l owi ng were not 
bel i eved to be actua l ly  d i s pers i ng across  the boundary : Ame l a nc h i er 
l aev i s ,  a n  ecotona l spec i es ,  a nd C l ayton i a  v i rgi n i ca a nd Fagus grand i ­
fol i a  s i nce they had sma l l popu l ations wi th i n  the s pruce s tand near 
the boundary .  
Betu l a l utea and P i cea rubens seeds d i s persed from the spruce 
s tand i nto the beech gap as d i d  Caca l i a  rugel i a .  The presence o f  Poa 
a l sodes seeds i n  the spruce stand i nd i cates the seeds were d i spersed 
from the beech gap where th i s s�ec ies norma l ly  occurs . E upatori um 
rugosum may have been di s persed from the beech gap i n to the s pruce 
s ta nd , but the h i gher dens i ty of  th i s  spec i es i n  the spruce vegeta tion  
( 2/m2 ) than the  beech gap ( l /m2 ) vegetat ion  suggests l i kewi se . 
Tab l e  6 .  Summary o f  the Beech Gap and the S pruce Stand Seed Ra i n  by Seed Tra p  Type . 
S�e c i es 
Woodt S�e c i es 
Betu l a l utea 
P i cea rubens 
Fagus grandi fo1 i a  
Ame1 anch i er 1 aevi s 
V i burnum a1 n i fol i um 
Rubus canaden s i s  
Acer rubrum 
Herbaceous S�ec i e s  
C 1 aytoni a  v i rg i n i ca 
Sol i dago s p .  
Poa a 1 s odes 
Carex pensy1 van i ca 
Phace1 i a  f i mbri ata 
La�ortea canadens 1 s 
Eupatori um rugosum 
Prenanthes al ti s s i ma 
Oxa l i s  mon tana 
As ter d i vari catus 
Im�ati ens �a l l i da 
Caca1 i a  ruge1 i a  
Carex i ntumscens 
Angel i ca trigui nata 
C u scuta gronov i i  
Taraxacum offi c i na l e  
*Sampl e s i ze i s  2 5 .  
Beech Ga p* Spruce Stand + 
Den s i tt {#Lm2 + SE} Freguenct {%} Dens i tt {#/m2 + SE}  Freguenct {%}  
Sti ckt Gra v i tt Sti ckt Gravitt Sti ck:t: Gra v i tt S t i c kt Gra v i tt 
732 + 1 39 736 + 1 66 1 00 1 00 858 + 93 9 1 8 + 1 1 1  1 00 1 00 
6 + 4 7 + 2 8 36 2 1  + 5 1 8  + 4 29 74 
1 3  + 5 53 + 1 0  24 88 1 + 1 5 
2 + 2 4 1 5  + 1 3  34 + 1 9  1 1  1 4  
1 + 1 4 
1 + 1 2 
2 + 2 4 
1 254 + 1 92 2 1 1 + 37 1 00 1 00 1 7  + 1 4  1 8  + 1 7  3 3 
1 90 + 1 07 43 + 1 6  48 30 
85 + 61 8 8 1 + 1 3 
78 + 78 4 
72 + 46 40 + 40 1 6  4 
56 + 27 3 5  + 8 32 68 
37 + 1 4  8 + 5 32 1 6  1 + 1 3 
2 3  + 1 2  4 + 2 20 1 6  
29 + 8 51 + 1 0  40 60 
1 5  + 8 2 + 1 1 6  1 2  
8 + 5 2 + 1 4 1 2  
2 + 2 1 + 1 4 4 1 9  + 1 1  1 + 4 20 3 
4 + 3 37 + 3 1  2 0  1 2  
3 +" 2 1 2  1 + 1 3 
1 + 1 4 
2 + 2 4 
+sampl e s i ze i s  35 . 
()) co 
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The beech gap  seed ra i n  i s  domi nated by Betu l a l utea , C l ay to n i a  
v i rgi n i c a ,  a nd Sol i dago sp . wh i l e  the s pruce stand seed ra i n  was 
domi na ted by Betul a l utea and Oxa l i s  monta na .  
On the average , s±2 spec ies  l anded on  beech gap s t i c ky traps 
wi th a s i gni fi cant ly  l ower number  ( P=O. OOOl , T=6 . 6 ,d . f . = 58 )  of 2±1 
spec i es per trap  i n  the spruce stand . Beech gap st i c ky traps had a 
s i g n i f i cantly h i gher Shannon-Wi ener I ndex ( P=O . OOOl , T=7 . 3 , d . f . =58 )  of  
+ 0 . 41 -0 . 1 6  compared to 0 . 1 3±0 . 1 2 for the s pruce sta nd s ti c ky tra ps .  
Th i s  trend occurred because the beech gap seed ra i n  was more equ i tabl e .  
That i s ,  i t  had two common spec i es ,  Betu l a l utea a nd C l ayton i a  
v i rgi n i ca ,  whereas t he spruce seed ra i n  had on ly  one common spec ies , 
Betu l a  l u tea . Conversel y ,  the spruce stand seed ra i n  had a s i gn i fi -
ca ntl y hi gher S impson ' s  I ndex ( P=O . OOOl , T=8 . 0 , d . f . = 58 ) t ha n  the beech 
gap s i nce dom i nance measured by thi s  i ndex i s  i nversely proporti ona l  
to equ i tab i l i ty .  S im i l ar di vers i ty trends occurred i n  the gravi ty 
tra p  seed ra i n  ( see Append i x  A ) . 
Seed rai n  trap compar i sons  perm i ts an a s sessment of the 
col l ect ion  b i a s  of each trap type . Genera l l y ,  herbaceous  seeds were 
more dense i n  s t i c ky traps than i n  gravi ty traps ; the converse was true 
for the tree seeds . Po i sson di s tri bution s  of most seed den s i t i es made 
s ta ti st ica l  compar i sons probl ema ti cal . 
Onl y  Betu l a l utea had norma l ly  d i stri buted seed ra i n  den s i t ies ; 
consequent ly ,  i t  was poss i bl e  to demonstrate no s i gn i fi cant d ifference 
between the den s i t i es col l ected by the two trap types ( P=0 . 9l ,T=-0 . 1 0 , 
d . f . =47 ) .  The fol l owing spec i es were shown to have s i gn i f i ca ntly 
d i fferent medi ans on  the ba s i s  of  the med i an test ( Hu l l a nd N i e  1 979 ) : 
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C l aytoni a v i rgi n i ca (x2=1 5 . 68 , P=O . OOl , N=50 ) , Fagus grand i fo l i a  (x2= 
l l . 52 , P=O . OOl , N=50 ) , Laportea canaden s i s (x2= 5 . 1 2 , P-0 . 024 , N=50 ) , a nd 
P i cea ruben s (x2=6 . 65 , P=O . O l , N=50 ) . C l ayton i a  v i rg i n i ca had dens i ti es 
greater than the overal l med i a n  for the s t i c ky tra p samp l es , whereas 
a l l the others had dens i ti es greater than the overa l l med i a n  for the 
gravi ty trap sampl e s .  The med i a n  test s hows no s i g n i fi ca nt  d i fferences 
between the two trap types i n  the spruce stand . 
S i nce Betu l a  l u tea was the onl y s pec i es d i spers i ng across  the 
bounda ry i n  h i gh den s i ti es , an exami nati on of i ts d i s persal seemed 
appropri ate .  Fi gure 9 s hows the regres s i o n  o f  the l og dens i ty of 
Betu l a  l utea as a function  o f  seed trap d i sta nce from the boundary i nto 
the beec h gap i n  meters . The F-max test  (Saka l and Ro l ff 1 969 ) demon­
stra ted homogen i ety of  vari ances between the  groups ( P=0 . 05 , Fmax= l 7 . 3 ,  
d . f . =6 , 4 ) . The overal l regress ion  i s  s i gn i fi ca nt ( P=O . OOl , F=21 . 88 ,  
d . f . = l , 28 , r=0 . 66 ) . I t  i s  importa nt to note that th i s  regress i on 
i nc l udes empty seeds . Th i s  nega ti ve exponent i a l  dens i ty decrea se wi th 
i ncreas i ng d i stance from the seed source i s  the common d i s persa l 
funct ion . Germi nation  tes ts (Tabl e 7 ) show that the percent germ i nat ion  
for Betu l a  l utea averaged 1 8% to  29% duri ng the  fal l of 1 979 . The  l ower 
regress i on l i ne i n  Fi gure 9 represents the den s i ty funct i on wi th ful l 
seeds on ly .  The percent germi nati o n  used was 24% s i nce no  s i g n i f i cant  
d ifference was found for seed traps  67 . 5  to  22 . 5  m ( 20% ) and 0 . 0  to  
7 . 5  m ( 28% ) from the boundary .  
The h i ghest  overa l l percent germi nat ion  was 42% for seed 
co l l ected October 1 4 ,  1 979 .  Th i s  is s i g n i f i cantly greater than 
( P=O . Ol , T=5 . l , d . f . =5 ) the 23% germi na ti o n  of seeds col l ected October 27 
....-. 
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Fi gure 9 .  Log Dens i ty of Betu l a  l u tea Seed Ra i n  as a Functi on of Seed Trap 
D i s tance from the Boundary i nto the Beech Gap . The regress i on equati on i s  s i gn i fi cant 
( r  = -0 . 66 , F = 2 1 . 88,  d . f . = 1 ,  28 , P = 0 . 00 1 ) .  The l ower l i ne represents the same 
l i ne , taki ng i nto account the percent germi nati on of the seeds . -......! 
72 
Tab l e  7 .  Summary o f  Betu l a  l utea Germi nat i on and V i ab i l i ty Tests . 
Date/ 
Locati on 
October 1 4  
A 1 1  s i tes 
October 27 
Beech Gap 
22 . 5 - 67 . 5  m 
0 . 0 - 7 . 5  m 
Spruce Stand 
7 . 5 - 22 . 5  m 
37 . 5  = 52 . 5  m 




22 . 5  - 67 . 5  m 
0 . 0  - 7 . 5  m 
Spruce Stand 
7 . 5 - 22 . 5  m 
37 . 5 - 52 . 5  m 
67 . 5 - 97 . 5  m 
Average 
Germi nati on Test 
%G GV* 
42 + 6 
1 8  




23 + 4 
22 + 1 3  
36 + 1 1  
35  + 1 0  
1 5  + 1 2  
1 0  + 8 
24 + 1 4  
3 . 06 + 1 . 92 
0 . 53 
0 . 53 
0 . 81 
1 . 1 7  
0 . 84 
0 . 77 + 0 . 27 
0 . 88 + 0 . 9 1  
2 . 30 + 1 . 2 1  
1 . 95  + 1 . 3 1  
0 . 62 + 0 . 87 
0 . 24 + 0 . 22 
1 .  20 + 1 . 1 9  
V i ab i l i ty Test 
%US* 
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*G = germi nat i o n .  GV = germi nati on val ue . S = compl etely 
stai ned . PS = parti a l ly  sta i ned . US = unstai ned . F = ful l seeds w i th 
embryo . E = empty seeds wi thout embryo . 
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and December 9 .  After correcti ng  Betul a seed ra i n  for the percent 
of empty seeds , i t  was found that 1 9% of a l l fu l l  seeds were col l ected 
at the peri od end i ng October 1 4 ,  9% i n  the period end i ng October 2 7 ,  
a nd 36% i n  the peri od end i ng December 9 .  D i v i d i ng the n umber of  ful l 
seeds per peri od by the number of  days duri ng the peri od g i ves a 
better i nd icat ion  of the rate of Betul a  l utea seed ra i n  fa l l .  Such 
ca l cul ations  show 26 seeds per day were d i s persed dur i ng September 30 
to Oc to ber 1 4 ,  wi th sl i ghtly fewer seeds , 25  were d i s persed duri ng the 
November 1 0  to December 9 peri od . Seed ra i n  rates between October 1 4  
a nd November 1 0  were l ower ( 1 4  a nd 9 seeds per day ) . 
The germi nat ion val ues (Ta b le  7 )  frequently para l l el the 
germi nation percentages i n  magni tude ; a few do , however ,  vary from the 
trends because germi nation va l ue i s  a funct ion  of the s peed of 
germi nation . For examp l e ,  two sampl es co l l ected October 27  show a 
f i nal germi nat ion  of 26% ; one of  these sampl es , however , has a 
germ i nati on va l ue of  0 . 8 1  compared to 1 . 1 7  i n  the other . The h i gh 
germi nat ion val ue i n  the l a tter resul ts from more rap i d  germ i nat ion  
than  i n  the other sampl e .  The germi nation va l ue decl i nes as  autumn 
progresses from a h i g h  val ue of 3 . 06 on October 1 4 ,  to 0 . 77 on 
October 2 7 ,  to 1 . 20 by December 9 .  
Den s i ti es of Betu l a  l utea decl i ne wi th i ncrea s i ng d i stance from 
the seed source and the germi nation percent decl i nes as the d i s persal 
peri od progresses . The tetrazo l i um test ( Tab l e 7 )  i nd i ca tes that the 
germ i nat ion  tests were l ow by approx imately 2% ( fu l ly s ta i ned seeds } 
of a l l seeds . 
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Betul a  l utea seed ra i n  was exami ned further by compari ng the 
seed dens i ti es wi th d i stance , d i rect io n ,  and d . b . h .  of the two nearest  
source tree s .  Correl at ions us i ng a l l pred i ctor var i a b l es on seed 
dens i ty and l ogari thm of seed den s i ty were not s i g n i f i ca n t .  I t  was 
assumed h i gh vari at i o n  woul d occur i n  th i s  s pruce s tand data set 
resu l ti ng from wi nd d i recti on d i fferences , turbul ence ,  a nd seed ra i n  
s hadows . The data set was reduced i n  ha l f  by ma k i ng the fol l owi ng 
assumpti ons . 
Major wi nds were assumed to come from the north over the sta te 
l i ne  r i dge cres t i n  a southerl y  downs l ope di recti on . Thi s was based on 
personal observat ion  that wi nds a nd s torms general ly  come from the west  
but are  red i rected to  the south by the l oca l topography .  D i rectional  
seed traps a l ong the boundary confirm that the major wi nds come from the 
r i dge crest ( see F i gure 1 0 ) .  A l though the d i rectiona l den s i ti es are not 
s i gn i f i cantl y di fferent , they s uggest that wi nds come from the ri dge 
c rest ,  assumi ng tha t  h i gh seed den s i t i es refl ect wi nd d i recti on rather 
than the abundance of seed . 
I f  the major  wi nds do bl ow over the r i dge crest a nd i n to the 
study area , then var i at ion i n  the data can be el imi nated by removi ng 
a l l s i tes upw i nd from the nearest source trees . The den s i ty of  the 
seed ra i n  on traps upwi nd from the nearest source tree woul d  be a 
func ti on of those trees occurr i ng  upwi nd from the trap , rather than 
the c l oser downwind  seed sources . 
Al l sampl es wi th the nearest a nd second nearest Betu l a  l utea 
trees downwi nd or 90° to 270° from the trap were removed from the data 
set . Any sampl es wi th the two nearest trees l ess  than 1 3  em d . b . h .  
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Fi gure 1 0 .  D i recti onal Seed Trap Resu l ts .  Val ues are mean 
dens i ti es per m2 (+ SO ) from fi ve repl i cates i n  four  d i recti ons . Arrow 
poi nts i n  d i recti on major wi nds are bel i eved to ori g i nate . 
were excl uded because trees th i s  s i ze genera l l y  do not bear seed 
( Fowel l s  1 965 ) .  
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The a bove mod i f i ca ti ons resul ted i n  a s i gn i ficant corre l at ion 
between the l og seed den s i ty and the di s tance and d . b . h .  of the two 
nea rest  source trees ( P-O . O l , r- 0 . 67 ) . Much of the var iance was 
exp l a i ned by a h i gh corre l ati on ( r=0 . 5 5 )  of the l og seed dens i ty wi th 
the di stance to the second c l osest tree ( see Fi gure 1 1 ) .  The l i near 
trends on these p l ots transforms i nto a negat i ve exponenti a l  decrea se 
in  Betu l a  l u tea seed with i n crea s i ng di stance from the source tree on  
the ari thmetic  scal e .  Betu l a  l u tea seed d i spersa l i n  the spruce canopy 
demonstrates a s imi l a r  pattern to that i n to the beech gap . 
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CHAPTER V I I  
THE SEED BANK  
A total of  8002 seed l i ngs emerged from the seed ba nk sampl es 
wi th 6554 of these from the beech gap sampl es a nd 1 448 from the spruce 
stand sampl es . The average n umber of seeds per beech gap sampl e ( 262± 
389 ) was s i gn i f icantly greater than the n umber ( 58±38 ) emerg i ng from 
the spruce samp l e  ( P=0 . 02 , T=2 . 6 , d . f . =48 ) . 
The h i g h  average number of  beech gap germi nants i s  m i s l ead i ng 
because soi l core #57 had a tota l of 1 924 Potenti l l a s i mpl ex seed l i ng s ,  
a n  order of  magn i tude h i g her tha n  al l other p l ot tota l s !  The 
reca l c ul ated average , 1 85±1 1 3  i s ,  however , st i l l  s i gn i f i cantly greater 
than the average seed number per spruce sampl e ( P=O . OOl , T=5 . 3 , d . f . =48 ) . 
Greenhouse control fl ats conta i ned three spec i es : Betu l a  
l utea , Rubus ca nadens i s ,  a nd Oxal i s  stri cta . The fi rst two were 
probab ly  seeds s pl a shed onto the contro l s from ne i ghbor i ng spruce 
so i l  f l ats dur i ng water i ng . Betu l a  l utea a nd Rubus canadens i s  were not 
found at Norri s ,  TN ( Dobberpuh l  1 980 ) . Oxa l i s  str i c ta p l a nts grew i n  
the greenhouse a l ong the wal l s  a nd under the benches ; consequent ly ,  i t  
i s  bel i eved these p l a nts were contami nants . 
Other s pec ies that germi nated i n  the fl ats i nc l ude Andropogon 
scopari u s  seeds that were stored i n  a paper bag i n  the greenhouse .  
The seeds apparently d i s persed onto the fl ats , where they germi nated . 
Other s pec i es probab ly  entered through the vent i l at ion-coo l i ng system . 
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Large fans b l ew a i r  through a wa ter cascade sys tem to cool the green­
house . Some seeds probab ly  entered when the water was off and the fa ns 
were b l owi ng . These other contami nants i nc l uded U l mu s  amer ica na , 
P l atanus occi dental i s ,  a nd pos s i bly Erechti tes h i erac i fo l i a . Con ­
tami nants were excl uded from the ana lys i s .  They compri sed a sma l l 
percent of  the tota l seeds germi nati ng . 
Seed ban k  data ca l cu l ated for the beech gap a nd spruce stand 
are s ummar i zed i n  Tabl e 8 .  A s i g n i f i ca nt ly hi gher number of spec i es 
germi nated i n  the beech gap ( 1 3±2 )  than i n  the spruce stand seed ban k  
( 6±2 )  ( P=O. OOl , T= l 2 . l , d . f . =48 ) . 
Seed bank  d i vers i ty i ndex trends are s imi l ar to those for the 
seed ra i n .  The beech gap seed bark had a s i gni ficantly h i gher average 
Shannon-Wi ener I ndex ( P=O . OOl , T=6 . 8 , d . f . =98 ) val ue ( 0 . 73±0 . 1 7 ) than to 
the s pruce stand i ndex ( 0 . 50±0 . 1 7 ) .  Thi s resu l ts from the greater 
number of speci es i n  the beech gap with  more equ i tab l e domi nance 
rel ati ve to the s pruce stand . Conversely the spruce stand seed ban k  
had a s i g n i ficantly h i gher S impson ' s  i ndex va l ue ( 0 . 42±0 . 1 8 ) than the 
beech gap seed bank  ( 0 . 29±0 . 1 3 )  ( P=O . OOOl , T=4 . 3 ,d . f . =98 ) . Th i s  was 
because the spruce stand seed bank was dom i nated by fewer speci es i n  
contra st to the beech gap seed bank .  
The beech ga p seed bank was domi nated by  C l ayton i a  vi rg i n i ca ,  
Phace l i a  fimbri ata ,  Carex i ntumescens , Eupatori um rugosum ,  V io l a 
pal l en s , Betul a  l utea , Laportea canadens i s , Houston i a  serpyl l i fo l i a ,  
Rubus canaden s i s ,  a nd Prenanthes a l ti s s ima . 
Some spec i es occurri ng i n  h i gh  den s i ti es but i n  l ow frequency 
a re Rumex acetosel l a ,  Barbarea vu lgari s ,  a nd Potenti l l a  s i mpl ex . 
Tab l e 8 .  Summary of the Beech Gap and Spruce Stand Seed Banks . 
Speci es 
Potenti l l a s i mpl ex 
C l ayton i a  v i rgi n i ca 
Carex i ntumescens 
Eupatori um rugosum 
V i ol a pa 1 1 ens 
Rumex acetosel l a  
Phacel i a  fimbri ata 
Betu l a l utea 
Laportea canadens i s  
Houston i a  serptl l i fol i a  
Rubus canadens i s  
Prenanthes a l t i s s ima 
Barbarea vu l gari s 
Cuscuta gronovi i 
Poaceae 
Sol i dago s p .  
Stachys c l i ngman i i  
B l eph i l i a h i rsuta 
Impati ens pa l l i da 
Erythron i um ameri canum 
Ste 1 1  ari a pubera 
Di centra cucu l l ar i a  
Angel i ca trigu i nata 
D i ervi l l a ses s i l i fol i a  
Oxal i s  montana 
Taraxacum offi c i nal e 
Aster spp . 
V i o l a  s p .  
D + SE 
963 + 77 
41 2 + 62 
321 + 1 43 
286 + 69 
224 + 1 48 
2 1 9  + 1 86 
1 27 + 49 
1 25 + 34 
98 + 29 
97 + 96 
62 + 1 1  
59 + 32 
52 + 34 
51 + 25 
39 + 39 
39 + 1 3  
36 + 8 
36 + 36 
28 + 1 4  
2 1  + 1 0  
20 + 9 
1 3  + 9 
1 2  + 6 
9 + 9 
8 + 6 
5 + 2 
5 + 2 
Beech Ga 
c v  F{% ) PCT D .±. SE 
40 1 2  28 . 5  1 + 1 
75  96 1 2 . 2 22 + 1 5  
223 72 9 . 5  
1 1 9  96 8 . 8  2 1  + 6 
331  56 6 . 6  75  + 41 
424 8 6 . 5  
1 92 64 3 . 8  
1 38 88 3 . 7  330 + 53 
1 48 84 2 . 9  
1 40 68 2 . 6  24 + 1 8  
86 84 1 . 8 1 62 + 23 
269 40 1 . 7 
326 1 2  1 . 5 
242 35 1 . 5 
500 8 1 . 2 4 + 4 
1 70 56 1 . 2 
1 1 7  60 1 . 1 
500 8 1 . 1 
254 32 0 . 8  3 + 3 
250 40 0 . 6  1 0  + 1 0  
224 28 0 . 6  
334 1 2  0 . 4  
249 28 0 . 4  
500 8 0 . 3  
60 + 1 9  
401 1 2  0 . 2 
252 1 2  0 . 08 
224 20 0 . 08 
cv F{%) PCT 
800 8 0 . 1  
346 8 2 . 8  
1 53 60 2 . 7  
275 40 9 . 7  
8 1  1 00 42 . 7  
383 8 3 . 1  
7 1  1 00 2 1 . 0  
500 0 . 5  
4 1 9  8 0 . 4  
500 8 1 . 3 
1 58 76 7 . 8  
co 0 
Tab l e  8 .  ( Conti nued ) 
Soec i es 
Dentari a d i phyl l a  
Luzu l a  ech i nata 
Oxydendrum arboreum 
Carex pensyl va n 1 ca 
Hi eraci um pan i cu l atum 
Pl antago major 
Hyperi cum perforatum 
Prunus pensyl vani ca 
Polygonum erectum 
Lactuca s p .  
Sambucus pubens 
Vacc i n i um er�throcarpum 
Caca l i a  rugel i a  
Poa a l sodes 
Erechti tes h i eraci fol i a  
U n i dent i fi ed 
D + SE 
Beech Gai 
CV F(% 
3 + 1 288 1 2  
3 + 2 406 8 
3 + 2 300 1 2  
2 + 1 234 1 6  
2 + 1 295 1 2  
2 + 1 366 8 
2 + 1 276 1 2  
1 + 1 500 4 
1 + 1 500 
1 + 1 500 
1 + 1 500 
3 + 3 500 
s 
PCT D + SE cv FC%) PCT 
0 . 08 
0 . 08 3 + 2 346 0 . 4 
0 . 08 1 + 1 500 0 . 1 3  
0 . 06 26 + 8 253 52 3 . 4  
0 . 06 1 + 1 500 0 . 1 3  
0 . 06 
0 . 06 
0 . 03 1 6  + 4 1 39 52 2 .  1 
0 . 03 
0 . 03 
0 . 03 3 + 1 2 1 8  20 0 . 4  
2 + 2 500 0 . 25 
7 + 3 2 1 1 24 0 . 9  
1 + 1 500 8 0 . 1 3  
1 + 1 500 0 . 1 3  
0 . 06 
*D + SE = den s i ty per m2 pl u s  or mi nus the standard error of the mean . CV = 
coeffi c i ent of vari ati on . F = frequency out of 25 sampl es per communi ty .  PCT = per 




The  fi rst  a nd second were present i n  so i l  cores adjacent to the 
Cl i ngman ' s  Dome Road , so they represent spec i es from di s turbed s i tes . 
Other s pec i e s  present at d i s turbed s i tes i ncl ude Taraxacum offi c i na l e ,  
B l eph i l i a  h i rsuta , Pl antago major ,  and Polygonum erectum . 
The spruce stand seed bank  was dom i na ted by Betu l a  l u tea , Rubus 
canaden s i s , Oxal i s  montana , and Eupatori um rugosum . Ear ly  success i onal  
spec i es such a s  Prunus pensyl van i ca ,  Sambucus pu bens ,  H i erac i um 
pan i cu l a tum , a nd Potenti l l a s impl ex were a l so presen t .  
Those spec i es d i spers i ng across the commun i ty boundary were 
Betu l a  l utea , Eupatori um rugosum ,  Cl ayton i a  v i rgi n i ca , E rythron i um 
americanum , Impati ens pa l l ida , and Poa a l sodes . The l a s t  fou r  s pec i es 
were presen t i n  the seed bank  adjacent to the boundary ,  especia l ly at  
so i l  s i te #59 .  Th i s  s i te i s  l ocated i n  a n  i s l and o f  beech gap vegeta ­
t ion  i ns i de the spruce stand . One Impati en s  pa l l i da seed a t  s i te # 1 0 
i s  un l i kely to have been natura l ly di spersed from the beech gap to 
deep i ns i de the spruce stand . I t  i s  unl i ke ly  that Impa t i en s  grows at  
the s i te so  perhaps that seed was a contam i nant . 
Poa a l sodes was present i n  core #1 8 a nd #46 near the ecotone 
s uggest i ng some l i mi ted di spersa l of this  s pec ies . Low dens i ties  of  
Eupatori um rugosum i n  the s pruce stand seed bank  suggest tha t  th i s 
s pec ies  di sperses from the beech ga p where dens i ties  a re h i gher . 
Betul a l utea certa i nl y  d i sperses i nto the beech gap .  
The a bsence o f  tree and shrub seeds i n  the seed banks  i s  s tr i k i ng .  
Onl y  early s uccess i onal or  unders tory spec i es contr i bute to the seed 
ban k ;  Betul a l utea , Rubus canadens i s ,  D ierv i l l a  sess i l i fo l i a , Prunus 
pensyl van i ca ,  Sambucus pubens , a nd Vacc i n i um erythrocarpum . Tab l e  8 
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confi rms the genera l observat i on that seed ban k  s tat i s t i c s  have h i gh 
coeff i c i ents  of vari at ion . I n  the beech gap on ly  three spec ies have 
coeff i c i ents of var iat ion l es s  than 1 00% : these a re Potenti l l a  s impl ex , 
C l ayton i a  v i rgi n i ca ,  and Rubus canadens i s .  On ly  Betul a l utea and Rubus 
canadens i s  have coeffi c i en ts of  vari at ion  l es s  tha n  1 00% i n  the s pruce 
stand . These resu l ts  s uggest  s peci es d i str i but ions  are patc hy i n  the 
seed bank wh i ch probab ly  ref l ects the patc h i ness of  the seed ra i n .  
Fi gure 1 2  d i agrams the spec ies  area curves from the study s i tes . 
Spec ie s  area curves permi t an  eva l uation of the s uccess i n  sampl i ng the 
most  common spec i es at a s i te .  Unfortunatel y ,  spec i es-area curves are 
b i a sed by the sampl e s i ze a nd the axes sca l es . 
The three spec ies area curves sugges t that the number of samp l es 
col l ected were effect i ve i n  samp l i ng a l l  the major spec i es i n  the seed 
bank ;  parti cu l ar ly  for the s pruce sta nd seed bank . The two beech gap 
s peci es-area curves demons trate that the soi l cores , i nfl uenced by the 
road s i de vegetat i o n  d i d  not a l ter the effecti veness of the number of 
samp l es requ i red to represent the most  common s pec i es . The cores 
i nfl uenced by the roads i de vegetat ion on ly  i ncreased the tota l number 
of spec i e s  co l l ec ted . S i xteen so i l  cores wou l d  have been adequate for 
the beech gap seed bank a nd approx imate ly  1 4  for the spruce stand 
seed bank . 
I .  REC IPROCAL AVERAGING 
Di scrimi nant  ana lys i s  was i neffect i ve in  di st i ngu i s h i n g  the seed 
banks groups accord i ng to sampl e d i stance from the boundary;  th i s  means , 
therefore , that no s i gn i f icant  c hanges occurred i n  t he seed banks wi th  
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Fi gure 1 2 .  Seed Bank Speci es Area Curves . 
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i ncreas i ng d i stance from t he boundary .  Rec i proca l a veragi ng wa s used 
to exami ne the patterns a nd grad i ents i n  the seed banks . 
Pl ots of the fi rst and second rec i proca l  averag i ng axes u s i ng 
a l l seed ban k  sampl es are s hown i n  F igures  1 3  a nd 1 4 .  A l l spec i es 
present i n  l ess  than seven samp l e s  were de l eted from the data matr i x . 
The seed bank  samp l es are c l ustered i nto two groups with 
i ncompl ete d i sj unction between them . The i ntermed i ate samp les  are 
those adj acent to the bounda ry ,  sampl es hav i ng a s pec i es i n  common 
with  the other group of samp l es ,  or hav i ng i ntermed i a te dens i t ies  of 
spec ies  occurr i ng in both commun i t ies . 
Exami nat ion of the spec ies  ord i nat ion  a nd the primary data 
matr ix  demonstrates that the presence of V i o l a  pa l l en s ,  Eupa tori um 
rugosum ,  Impat i ens pa l l i da , Hous ton i a  serpyl l i fol i a ,  a nd C l ayton i a  
vi rgi n i ca makes some spruce bank  sampl e s  s i mi l ar to the beech gap seed 
bank  group .  Conversel y the presence of Carex pensyl van i ca ,  Prunus 
pensyl van i ca ,  a nd h i gh dens i ti es of Rubus canadens i s  a nd Betu l a  l utea 
makes some beech gap seed bank  sampl es s im i l ar to the spruce seed 
bank group .  
Th i s  ordi na tion  s uggests a strong gradi ent a l ong  the  fi rst  ax i s  
i n  the spruce stand seed bank  and a l ong the second axi s i n  the beech 
gap seed ban k .  I n  order to i nterpret these grad i ents correl ations  
between the d i fferent ord i nat ion axes a nd the envi ronmental vari a bl es  
were ca l cu l ated . 
The h i g hest  Spearman correl at ion  coeff i c i ent a l ong the fi rs t  
ord i nation axi s was wi th d i s tance from so i l  core to the communi ty 
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F i g ure 1 3 .  P l ot of Beech Gap and Spruce Stand Seed Bank Sampl es on the Fi rst 
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Figure 1 4 .  Pl ot of Beech Gap and Spruce Stand Seed Bank Speci es on the Fi rst 
and Second Reci proca l Averag i ng Ordi nat i on Axes . 
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Fi gure 1 5 . P l ot of the Correl ati on between the Fi rst Rec i procal  Averag i ng 
Ord i nati on Axi s and the D i s tance of the Sampl e from the Boundary ( r = -0 . 83 ) . 
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d i s ta nce from the boundary i s  i neffecti ve i n  separat i ng the samp le s  
a l ong the fi rst ax i s of  t he  ord i nati on i n  the beech gap . Only wea k 
separat i o n  o f  the spruce seed bank pl ots occurs a l ong  the fi rst 
ord i na ti on a x i s  by the d i s tance from boundary measurement . Attempts 
to i nterpret the grad ient  a l ong the f irst  axi s sugges t that the major 
grad i ent  is  the res u l t  of ordi nat i ng the two parti a l l y  d i sj unct seed 
banks together . Th i s  ord i nat ion  suggests , however , that the two seed 
banks are qu i te d i fferent .  
I I .  CLUSTER ANALYS IS  AND D I SCRIMINANT ANALYS IS 
C l u ster ana lys i s  (MI NFO )  was performed on the same data set used 
i n  the ord i na ti o n ,  to determi ne i f  the two seed banks are d i ss imi l a r .  
Fi gure 1 6  s hows the resu l t i ng dendrogram . The dendrogram s hows two or 
three major groups . 
Di s cr imi nant a na l ys i s  wa s used to o bject ive ly  choose the mos t  
mean i ngfu l  group s .  The ana lys i s  was performed o n  s ucces s i vely sma l l er 
groups at l ower i nforma ti on l evel s to fi nd the l evel g i v i ng the great­
est  d i scrim i nat i o n .  Di scrimi nation was determi ned by the tota l percent 
correct c l as s i f ication . 
The two group l evel s gave the most successful d i s cri mi nat ion  
wi th a jackkn i fe c l ass i fi cat i on s uccess of  85 . 5% !  The three group 
l evel gave 83 . 6% correct c l as s i fi cati o n .  The F test was s i gn if i ca nt 
( P<O . OOl , F23 , 86=6 . 53 , F24 , 66 , . 05=1  . 70 ) . I t  i s  pos s i b l e  to d i scrimi nate 
wi th  much success between the beech gap and spruce sta nd seed ban ks .  
One cou l d  choose the three group l evel ; the thi rd group , however , 
represents a s pec i a l  ca se of the beech gap vegetatio n ,  not a n  
104821 
B G  s s 



















4 1 2 1. 2 1 1 2 2 2 2 1 3 2 2 ) 1 1 1 4 1 3 2 2 2 1 4 1 1 2 2 3 2 1 1 7 7 5 9 6 4 3 
F igure 1 6 .  Dendogram from C l uster Ana lys i s  of the Seed Bank 
Sampl es . The two group l evel defi nes the beech gap and s pruce stand 
seed banks . 
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i ntermedi ate between the beech gap a nd the spruce sta nd . The three 
group  l eve l  was not sel ected for thi s  reason . 
9 1  
D i scr im inant  a na lys i s  correctly c l a ss i f i ed a l l t he spruce s tand 
seed bank s amp l e s ,  whereas the c l us ter ana lys i s  mi s c l a ss i fi ed some of 
the s pruce stand and some of the beech gap seed ban k  sampl e s . Primary 
data matri x standard i zat ion i n  the d i scrimi na nt ana lys i s  probab ly  
accounts for the di fference ; the data matri x used i n  MI NFO i s  
unstandard i zed . 
I I I .  REC I PROCAL AVERAG ING REV I S I TED  
S i nce the  two seed banks can  be d i s ti ngu i s hed , rec i p roca l 
averag i ng was conti nued to further exami ne i n  the manner of  Peet 
( 1 980 ) the separate seed banks . 
Fi gure 1 7  i s  the sampl e p l ot ord i nat ion  of the beech  gap seed 
bank  wi th the del etion  of a l l spec i es present i n  l es s  than four 
samp l e s .  The s trong gradi ent o f  sampl es a l ong the f i rs t  axi s had a 
h i gh  corre l at ion  wi th  samp l e  s i te el evat ion  ( r=-0 . 8 0 ,  see Fi gure 1 8 ) . 
Samp l es wi th h i gh scores on the first axi s were sampl es adjacen t to the 
road ;  consequentl y ,  these samp l es conta i n  several road di sturbance 
s peci es . 
The s pecies  grad i ent  i n  the beech gap i s  p l otted i n  Fi gure 1 9 . 
As i n  the i ni ti a l ordi nat i on ,  Carex i ntumescen s ,  Prenan thes a l t i ss ima , 
and Houston i a  serpyl l i fo l i a have h i ghest dens i t i es at upper s i tes i n  
the beech gap ;  Phacel i a  fimbr i a ta ,  Barbarea vu l gari s ,  Aster s p . , 
D i centra cucu l l ari a ,  Dentar ia  d iphyl l a ,  Impat i ens pa l l i da ,  and V i o l a  
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Fi gure 1 7 .  P l ot of Beech Gap Seed Bank Sampl e  Scores a l ong the Fi rst and 
Second Reci procal Averag i ng Ord i nati on Axes . 
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F igure 1 8 .  Scatter D i agram of the Correl ati on between the F i rst  Reci procal 
Averagi ng Ordi nati on Ax i s  and the Sampl e E l evati on above the Road . 
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CArE=  pensylyani ca 
CLV I =Claytonia yirgini ca 
CUGR=Cuscyta �ronoyii 
DEDI =Dentaria diphylla 
DICU=Dicentra cucyllaria 
ERA�=Erythronium americ?num 
EURU =Eupatorium rugosum 
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LACA =Lapqrtea canadensl s  
OXAR =Oxydendron arboreym 
FHAC =Phacelia fimbriata 
PRAL= Prenanthes alt i sFima 
RUCA=� canadensis 
SOSP= Solidagq s pp .  
STCL=Stachys cl ipgmani i 
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F i gure 1 9 .  Pl ot o f  Beech Gap Seed Bank Spec i es Scores a l ong the Fi rst  and 




reg ion . Spec i e s  occupy i ng the centra l  pos i t ion of the ord i nat ion s uch  
a s  Erythroni um americanum ,  C l aytoni a v i rgi n i ca ,  Betu l a  l utea , 
Eupa tori um rugosum,  and Laportea canaden s i s  are present throughout the 
beech gap seed bank . 
I t  i s  bel i eved that th i s  refl ects a herbaceous spec i es grad i ent 
wi th s l ope pos i ti on wh i ch i s  proba bly the same spec i es grad i ent Bra tton 
( 1 975b and persona l commun i cat ion ) observed i n  the beech gap herbaceous 
vegetat ion . Bra tton bel i eved th i s  was due to a mo i s ture gradi en t .  
Reci proca l averag i ng o f  the spruce stand seed bank gave un i nter­
pretabl e o rd i nat ions  suggesti ng suff i c i ent heterogen i e ty to ma ke 
gradi ent ana lys i s  mean i ng less . 
I V .  SEED BANK DEPTH D I STR I BUTION 
By Ma rch 1 980 i t  was rea l i zed that the beech gap seed ba nk 
contai ned enough seeds to ma ke it  worthwh i l e  to exami ne the seed depth 
d i s tr i but i o n .  Ten samp l es were co l l ected . Tabl e 9 s hows the average 
number of seeds per m2 that germi nated at each depth sampl ed accordi ng 
to spec ies . 
A total of  3451 seeds germ i nated i n  samp l es , wi th 1 77 7  i n  the 
top 3 em of so i l , 924 i n  the next 3 em , and 750 seeds i n  the deepest  
4 em . Ana l ys i s  of var iance of the tota l number  of seeds germ i nat i ng 
at each depth samp l ed was not s i gn i f i cant ( P=0 . 20 , F2 , 27= 1 . 74 ) . The 
h i gh var iance wi th i n  eac h  depth accounted for the l ack  of s i gni f i cance . 
H i gh  var iance for most  spec ies at each depth accounted for the 
l ack  of any s i g n i f i cant  di fferences between depths . Kru s ka l -Wal l i s 
one-way analys i s  of vari ance test showed s i gn i fi cant c hanges i n  seed 
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Tab l e 9 .  Seed Dens i t i es per m2 by Depth i n  the Beech Gap Seed Bank . 
S�ec i es 0 - 3cm 3 - 6cm 6 - 1 Ocm Tota l 
C l ayto n i a  v i rg i n i caa 1 1 80 + 289* 244 + 1 36 25  + 2 1 449 + 345 
V i o l a pa l l ens 40 + 37 254 + 236 486 + 460 780 + 509 
Eu�atori um rugosum 29 1 + 1 46 235 + 82 1 46 + 45 672 + 241 
Sol i dago s p .  1 26 + 1 66 1 25 + 1 06 8 + 2 259 + 1 3 1 
Phace l i a  fimbr i a ta 1 6 1 + 75 25 + 1 9  26 + 1 5  2 1 2 + 84 
Carex i ntumescens 52 + 21 44 + 21 85 + 33 1 8 1 + 59 
Rubus canaden s i s 44 + 1 6  6 1  + 20 60 + 22 1 65 + 43 
Betu l a  l uteab 74 + 23 26 + 1 2  9 + 3 1 09 + 25  
Laportea canaden s i sc 72 + 20 1 2  + 5 8 + 4 92  + 26 
Houston i a  serQ�l l i fo l i a  2 5  + 1 7  42 + 24 1 5  + 1 0  82 + 43 
Stel l ar i a  pubera 41 + 29 8 + 6 49 + 30 
Im�at i ens pa l l i da 36 + 1 9  2 + 2 2 + 2 4 1  + 20 
Prenanthes a l t i s s i ma 25  + 1 7  1 4  + 1 1  1 + 1 40 + 28 
Stach�s c l i ngman i i  4 + 2 9 + 5 1 6  + 6 29 + 9 
Eryth ron i um ameri canum 1 9  + 1 0  6 + 3 2 + 2 28 + 1 0  
V i o l a  s p .  1 0  + 1 0  4 + 3 1 4  + 1 2  
Ange l i ca trigu i nata 6 + 5 5 + 5 1 1  + 1 0  
Cuscuta gronovi i 1 + 1 8 + 4 1 + 1 1 0  + 6 
Unknown 26 4 + 3 5 + 4 9 + 4 
Carex �ens�l van i ca 8 + 5 8 + 5 
Carex s p .  6 + 6 6 + 6 
Poaceae 5 + 5 1 + 1 6 + 5 
Prunus �ens�l van i ca 1 + 1 1 + 1 1 + 1 4 + 3 
Taraxacum offi c i na 1 e 4 + 3 4 + 3 
Gna�ha 1 i um sp .  4 + 2 4 + 2 
Ox�dendron arboreum 2 + 2 2 + 2 
Hyperi cum perforatum 2 + 2 2 + 2 
Dentar i a d i phy1 1 a  2 + 2 2 + 2 
Rumex acetose 1 1 a  1 + 1 1 + 1 
Unknown 28 1 + 1 1 + 1 
Dead 1 + 1 7 + 5 20 + 7 29 + 7 
Tota l s  22 1 7 1 1 50 930 4301 
aS i gn i fi cant Kruska1 -Wa 1 1 i s Anova , p = 0 . 001 . 
bS i gn i fi cant Kruska 1 -Wa 1 1 i s Anova , p = 0 . 02 . 
cS i gn i f i cant Kruska l -Wa l l i s Anova , p = - . 02 . 
*The means  + the standard error of the mean from 1 0  rep l i cates . 
den s i ty wi th depth for Cl ayton i a  v i rgi n i ca { P<O . OOl ,x2=1 9 . 3 , N=30 } , 
Bet u l a  l utea { P<O . Ol 5 ,x2=8 . 4 , N=30 ) a nd Laportea canadens i s  { P=0 . 02 ,  
x2=s . 3 , N= 3o ) . 
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D i scrimi nant ana lys i s  was used to test for s i g n i f icant  d i ffer­
ences i n  the seed bank wi th depth . On ly spec i es present at  two o r  
more  of  the depth c l asses were i nc l uded i n  the ana lys i s ;  rows o f  
zeros wou ld  make the ana l ys i s  i nval id . The fi rst 20 s peci es i n  
Tab l e  9 were used . 
F s i gn i fi cant  tests on the i nd i v idual  vari ab l es demonstrated 
s i gni fi cant  d i fferences i n  seed dens i ty w i th depth for C l ayton ia  
vi rgi n ica , Betul a l utea , Laportea canadens i s  a nd Phacel i a  fimbr i a ta . 
Al l of these s peci es except for Phace l i a  fimbr i ata were s i gn i fi cant  
us i ng the Kruska l -Wa l l i s  tes t .  Perhaps  some trust c a n  b e  p l aced i n  
the di scrimi na nt ana lys i s  F tests . 
The model wi th the hi g hest percent correct c l a s s i f i cat ion 
{ 70% ) excl uded Houston i a  serpyl l i fol i a  a nd Rubus canaden s i s .  Thi s 
model was a l so s i gni f icant i n  d i scrimi nati ng  between the groups 
{ P=0 . 005 , F34 , 22=3 . 72 , F30 , 22 , . 05= 1 . 98 ) . A s i gni f ica nt d i fference exi sts 
between  the u pper and mi dd l e  seed ba nks and between the upper and 
l ower seed banks . 
Group centro i ds a nd i nd i v i dual samp l es are p l otted i n  F igure 20 . 
Good separa ti on of the u pper seed bank  from the other depths i s  
demonstrated by th i s  p l o t . No attempt was made to i nterpret the 
d i scrimi nant axes . 
The fol l owi ng spec i es occurred at  h i ghest den s i t i es i n  the 
upper 3 em of the so i l :  C l aytoni a v i rgi n i ca ,  Eupator i um rugosum ,  
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So l i dago sp . ,  Phacel i a  fimbri a ta ,  Betu l a  l utea , Laportea canadens i s ,  
Ste l l ar i a  pubera , Impat i ens pa l l ida , Prena nthes a l t i s s i ma ,  
Erythroni um ameri canum ,  Angel i ca trigu i na ta , Carex i n tumescens , 
Taraxacum offi c i na l e ,  and Oxydendrum a rboreum . The fol l ow i ng spec i es 
occurred a t  the h i ghest dens i ti es i n  the mi dd l e 3 em of the so i l :  
Rubus canadens i s ,  V i o l a s p . , Cuscuta gronov i i ,  Denta ri a d iphyl l a ,  a nd 
Poaceae . Those s pec ies  occurri ng at  the h i g hest dens i t i e s  i n  the 
deepest  s tratum are V i o l a  pa l l ens , S tachys cl i ngmani i ,  Ca rex pensyl ­
van i ca , Hyper i cum perforatum , Rumex acetosel l a ,  a nd unknown 26 . 
Presumably those s peci es wi th h i ghes t den s i t i es at  greater depths have 
been bur i ed l onger than those c l oser to the so i l  surface . V io l a  
pa l l ens i s  such a s pec i es s i n ce it was a bsent i n  the vegetat ion . 
Poss i bly the so i l  a l so acts a s  a s i eve to f i l ter seeds by s i ze ;  
smal l er seeds cou l d poss i bl y  mo ve deeper i nto the so i l . 
V .  PHENOLOGY OF EMERGENCE 
Tabl e 1 0  s ummari zes the weekly emergence of seedl i ngs duri ng 
the greenhouse germi nat i on per i od . More compl ete i nformati on can be 
found in Append i x  B .  
Many s pec i es emerged fas ter i n  the March seed bank  than i n  the 
bank col l ected i n  December 1 979 . Th i s  d i fference may have resul ted 
from a l onger col d s trat i fi cat ion  of the March bank i n i t i a t i ng faster  
germi nat ion . Or i t  cou l d  have  been the  resul t of a treatment effect ,  
i . e . , d i fferent p l acement i n  the greenhouse .  
Early germ i na tors are spec i es l i ke ly  to germi nate early i n  the 
s pr i ng such as Erythron i um ameri canum ,  C l ayton i a v i rgi n i ca ,  Ste l l ar i a 








D i centra cucu l l ar i a  
C l aytoni a v i rg 1 n 1 ca 
Cus cuta gronov i i 
Erythron i um ameri canum 
Impat i ens pa l l i da 
Oxa l i s  montana 
Potenti l l a  s i mpl ex 
Prenanthes a l t i ss ima 
Rumex acetose l l a  
Sol i dago spp .  
Ste l l ar i a  pubera 
Taraxacum offi c i nal e 
Ange l i ca tr igu i nata 
Aster spp . 
Betu l a l utea 
B l eph i l i a h i rsuta 
Carex i ntumescens 
Laportea canadens i s  
Luzu l a  ech i nata 
Prunus pensyl vani ca 
Stachys c l i ngman i i  
V i o l a  s p . 
Carex pen syl van i ca 
D i ervi l l a  ses s i l i fol i a  
P l antago major 
Sambucus pubens 
V i o l a  pa l l ens  
Caca l i a  ruge l i a  
Erechti tes h i erac i fol i a  
Eupator 1 um rugosum 
H i erac i um pan i cu l atum 
Houston i a  serpyl l i fol i a  
Hyperi cum perforatum 
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E rythron i um ameri canum 
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Stel l ar i a  pubera 
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Hyperi cum perforatum 
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Taraxacum offi c i nal e 
V i o l a  pa l l ens  
Ox.l:dendrum arboreum 
Carex pensyl van i ca 
Gnaphal i um s p .  
Houston i a  serpyl l i fol i a  
Phacel i a  f imbr i ata 
unknown 26 
u nknown 28 
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Lactuca s p .  
Oxydendrum arboreum 
Phacel i a  f imbri ata 
Poaceae 
Vacc i n i um erythrocarpum 
Un i denti fi ed 
1 0 1  
March Bankb 
aWeek 1 = March 2 to March 7 ,  1 980 . Week 2 = March 7 to March 1 4 ,  
1 980 . Week 3 = March 1 4  to March 2 1 , 1 980 . Week 4 = March 2 1  to Apri l 
2 ,  1 980 . Week 5 = Apri l 2 to Ju ly  29 , 1 980 . 
bweek 1 = March 1 4  to March 2 1 , 1 980 . Week 2 = March 2 1  to Apri l 
2 ,  1 980 . Week 3 = Apri l 2 to Apri l 1 0 ,  1 980 . Week 4 = Apri l 1 0  to Apri l 
20 , 1 980 . Week 5 = Apri l 20 to Ju ly  29 , 1 980 . 
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�ubera , Impati en s  pa l l i da and Cuscuta gronov i i .  Otherwi se no other 
trends are appa rent . I t  i s  not surp ri s i ng that Phacel i a  fimbr i ata 
germi nated i n  l ate June 1 980 when most  o ther spec i es d i d  not ,  s i nce 
th i s  i s  pro bably a t ime when seed i n  secondary dormancy over the w inter 
germi nate . 
V I . VEGETAT IVE REPRODUCTION 
To understand the b io l ogy of the seed bank s pec i es , the sexua l 
and vegeta t i ve reproduct i ve components must be exami ned . The rel at i ve 
proportion of vegeta ti ve propagul es to sexual propagu l es can g i ve a n  
i nd i cat ion  o f  the predomi nant reproducti ve s trategy for each spec i es . 
Tab l e  1 1  i l l us trates the number of  seeds a nd asexual propagu l es 
encountered i n  the soi l . The percent of vegeta ti ve propagul es i s  a l so 
ca l cul ated . S pec i es exh i bi ti ng a preponderance of a sexua l propagu l e s 
are Caca l i a  rugel i a ,  Oxal i s  mon tana , Aster spp . , C l ayton i a  v i rg i n i ca ,  
Tri l l i um erectum and Medeo l a v i rg i n i ana . The h i gh degree of a sexual 
reproducti on i n  Aster s pp . , Tri l l i um erectum and Medeo l a v i rgi ni ana 
may be an a rti fact of the sma l l samp l e  s i ze for these spec i e s .  
The th i ck fi brous roots of  Caca l i a  rugel i a  and the scaly 
rh i zomes of Oxa l i s  montana were the source of numerous vegetati vely 
produced pl a nts . Oxa l i s  montana was notori ous for i ts regrowth from 
p i eces of the rh i zome rema i ni ng i n  the so i l after the a bove-ground 
port ion  of the p l ant  had been removed duri ng the greenhouse study . 
These two spec i e s  are dom i nant  i n  the s pruce s tand . I t  i s  i nterest i ng 
to specul ate whether such rel i ance on vegetat i ve reproduction has a ny 
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Tab l e  1 1 . V egetati ve and Sexual  Reproducti on . 
S�ec i es # Seeds # Asexual  P l ants % Asexual 
Ange l i ca trigui nata 24 5 1 7 . 2  
Aster spp .  8 1 7  68 . 0  
Cacal i a  rugel i a  1 6  1 2 1 88 . 3  
C l ayton i a  v i rg i n i ca 1 1 59 1 852 6 1 . 5  
Oentari a di phyl l a 5 3 37 . 5  
D i centra cucul l ari a 25 3 1 0 . 7  
Erythron i um ameri canum 1 00 77 43 . 5  
Laportea canadens i s  202 1 2  5 . 6 
Medeol a vi rg i n i ana 0 3 1 00 . 0  
Oxal i s  montana 1 1 5  2344 95 . 5  
Prenanthes a l t i s s ima 1 1 7 1 5  1 1 . 4 
Rubus canadens i s 448 5 1 . 1  
Rumex acetosel l a 433 8 1 . 8 
Sol i dago s p .  1 05 0 . 9  
Stachys c l i ngman i i  7 1  4 5 . 3  
Stel l ari a pubera 39 7 1 5 . 2 
Tri l l um erectum 0 1 00 . 0  
V i ol a  s p .  6 1 1 4 . 3  
rel at ions h i p  to the type and frequency of  d i s turbance i n  spruce a nd 
s pruce-f i r s tand s .  
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The asexual propagul es of Erythron i um amer ica num and C l ayton i a  
v i rgi n ica are , respecti vel y ,  bu l bs a nd corms . The former were deeper 
i n  the so i l  than the l atter .  
One Rubus canadens i s  s hoot came from a vegetati ve s tructure ; 
th i s  was ,  however, a b i ased representa tion because the t i ps of bl ack­
berry canes can produce new p l a nts when covered by l eaves or  so i l . 
Rubu s canadens i s  does ma i nta i n  a seed bank as  wel l . 
The presence of a substa nt ia l  s eed bank i n  the beech gap wa s 
not expected s i nce  most  of the herbaceous pl ants are perenn i a l s !  
Spec i es present i n  Tabl e 1 0  but absen t from Tabl e l l  d i d  not reproduce 
vegetat i vel y .  Most  o f  the beech gap s pec i es may rely on  sexua l 
reproduct i o n  more than on vegetat i ve reproduction  to recru i t  new 
i nd i v idua l s .  Two spec ies  not growi ng on  the s i te but represented i n  
the seed bank  reproduced by n umerous s to l ons ; these were V i o l a  
pa l l en s  and Potenti l l a s impl ex . 
CHAPTER V I I I  
THE VEGETATION , SEED RAI N  AND SEED BANKS 
I n  order to u ndersta nd the dynami cs of p l ant communi t ies , i t  i s  
useful to exam i ne the dens i ty of seed i nputs a nd seed storages . Such 
i nformation  ca n i nd i cate whether seeds s to red i n  the so i l  represen t 
l ong term accumu l ati ons or annual  storages . 
Only two spec ies ( Tabl e 1 2 ) were present i n  the vegetati on , the 
seed ra i n  and the seed ban k :  Betu l a  l utea a nd Rubus canaden s i s . Rubus 
canadens i s  was l ack i ng i n  the beech gap seed ra i n ,  but s i nce on ly  one 
seed was co l l ec ted i n  the spruce stand ,  th i s  is not surpri s i ng .  
Betu l a  l utea was present i n  the seed ra i n  at h i gher dens i ties  than i n  
the seed ban k ,  wh i c h  sugges ts h i g h  morta l i ty or  rap i d  germi nati on o f  
these seed s .  The correl at ion between the seed bank  dens i ty and seed 
ra i n  dens i ty for each samp l e  s i te was 0 . 88 i n  the beech gap and 0 . 60 
i n  the spruce stand . 
Many spec i es i nc l ud i ng Pi cea rubens , Fagus grand i fol i a ,  
Ame l anc h i er l aev i s ,  Acer rubrum, V i burnum a l n i fo l i um d i d  not have v i a b l e 
seeds i n  the so i l . The absence of  Pi cea rubens i n  the seed bank i s  
probably the resu l t  of a poor seed year , the consumpti on of seeds by 
mammal s ,  a nd the s hort v i a bi l i ty of the seeds of th i s  s peci es . 
Accordi ng to Fowel l s  ( 1 965 ) ,  good seed years occur every 3 to 8 years 
for P icea rubens . Fagus grand i fo l i a  was a bsent from the  seed ban k  for 
the same reasons .  
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Tab l e  1 2 .  Summary of Woody Vegetat i on , Seed Rai n ,  and Seed Bank by Den s i t i es i n  Each Commun i ty .  
Speci es 
Betu l a l utea 
P i cea rubens 
Amel anch i e r  l aevi s 
Rubus canaden s i s 
Acer rubrum 
V i burnum al n i fol i um 
Prunus  Eensll vani ca 
Abi es fraseri 
Acer Een sll van i cum 
Aescu 1 u s  octandra 
Prunus serot i na 
Cornus  a 1 tern i fo1 i a  
Vacc i n i um erlthrocarpum 
Sorbus  ameri cana 
D i ervi 1 1 a ses s i l i fo1 i a  
Sambucus pubens 
Fagus grandi fo1 i a  
Oxydendrum arboreum 
Vegetati on* 












Beech Ga� SEruce Stand 
Ra i n  Bank Vegetat i on* Rai n 
736 1 25 1 03 9 1 8 
7 81 2 2 1  
2 32 34 
62 1 306 1 
2 32 
1 69 
1 1 06 
39 










1 6  
2 
3 
*The vegetati on dens i ti es a re number of stems per hectare . The seed ra i n  and bank dens i t i es are the 
number of seeds per square meter . 
0 0"1 
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Low dens i t i es of Acer rubrum seed ra i n  exp l a i ns the absence of 
seeds in the so i l i n  sp i te of the fact  that the seeds  can rema i n  v i ab l e 
over the wi nter ( Fowel l s  1 96 5 ) . The on ly  source of  seeds i s  the 
senescent Acer rubrum h i gh i n  the beech gap . 
Amel anch i er l aev i s  pomes are a wi l dl i fe food source 
(Schopmeyer 1 974 ; Marti n ,  Zim and Nel son 1 95 1 ) ;  consequently ,  the 
a bsence of seeds i n  the so i l  perhaps  can be expl a i ned by a nima l  
consumpt ion . The col l ec ti on of fru i ts i n  the grav i ty seed traps  
i nd i cated tha t fru i ts reach the  forest  fl oor ,  wi th the  pos s i bi l i ty of  
a few be i ng i ncorporated i nto the  so i l . Greenhouse cond i ti ons may 
have been unfa vora bl e  for germ i nati o n .  Sc hopmeyer ( 1 974 ) stated that 
Arnel anch i er seeds requ i re a peri od of 2 to 6 months to part ia l ly  
overcome the dormancy .  No data exi s ts concern i ng the frequency o f  
l a rge mas t .  
V i burnum al n i fol i um wa s a l so col l ected i n  the seed ra i n  tra ps 
but was absent i n  the seed ban k .  Numerous immature red fru i ts 
observed i n  the s ummer of 1 980 were reduced to a few b l a ck  fru i ts by 
fal l . E i ther an ima l  consumpti on or frui t a bort ion  may account for 
th i s  l oss of fru i ts .  Perhaps  the actual n umber of fru i ts reach i ng the 
forest f loor  are few. The a bsence of  germi nants in the greenhouse 
study coul d be caused by the d i ffi cu l ty i n  germi nati ng  seeds of thi s  
genus ; they requ i re warm s tra ti f i cat ions  for rad i c l e growth and col d 
s trat i f icat ion  to break epi cotyl dormancy ( Schopmeyer 1 974 ) .  
Accord i ng to Schopmeyer , good s eed crops occur every 3 to 4 years . 
Some spec i es present i n  the vegetat i o n  were on ly  found i n  the 
seed bank :  Prunus pensyl van i ca and Vacc i n i um erythrocarpum . The 
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a bsence of Prunus pensyl van i ca i n  the seed ra i n  wa s l i ke ly  due to the 
young age of the i nd i vi dual s present at the s i te .  Seed present i n  the 
so i l  were probab ly  from b i rd droppi ng s .  Those seeds a rr i vi ng i n  th i s  
manner wou l d  on ly germi na te i f  enough l i ght was present a s  i n  a 
canopy open i n g .  
The l ac k  of  Vacc i n i um erythrocarpum fru i ts i n  the seed ra i n  was 
surpri s i ng cons i deri ng the frequent occurrence of th i s  s hrub i n  the 
spruce stand . The modera tely l ow stature of the spec i e s  and the l ow 
d i spers i bi l i ty of the berr ies  by a bi ot i c  means proba bly accounted for 
the a bsence of fru i ts i n  the seed traps . R i pe fru i ts were o bserved 
on the p l ants i n  the fal l  of 1 979 .  The presence of seeds of thi s  
s pec i es i n  the so i l  conf i rms the depos i t i on o f  seeds i n to the soi l . 
Spec i es present i n  the vegetation  but absent from the seed ra i n  
a nd seed ba nk i nc l ude V i burn um al n i fol i um ,  Aescu l us octa ndra , Prunus  
serot i na ,  Cornus a l tern i fol i a ,  a nd Fagus grand i fol i a  i n  the beech gap ,  
Sorbus ameri cana i n  the spruce stand , a nd Abi es fraseri , a nd Acer 
pensyl van i cum i n  both  stands . 
Abi es fraser i  does not  have fru i t i ng i nd i v i dual s i n  the  study 
area because they have been ki l l ed by the bal sam woo l l y  aphi d . The 
absence  of Acer pen syl vani cum i s  re l ated to the l ow occurrence of  t h i s  
spec i es a nd the sma l l  s i ze o f  the trees presen t ,  part i cu l arly i n  the 
beech gap .  The a bsence o f  seed ra i n  a nd  seed banks of Aescul us  
octandra , V i b urnum a l n i fol i um ,  Prunus seroti na and Cornus a l terni fo l i a  
i s  due i n  part to the l ow frequency and dens i ty of these s pec i es i n  
the vegetat ion . Empty capsu l es of Aescu l us octandra were observed 
u nder a tree i n  l a te September 1 979 . Seed production  does occur ; i t  
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i s  dub ious , however , that such  seeds wou l d ever have a chance to become 
bur i ed i n  the soi l due to thei r l arge s i ze and h i g h  ca lor i c  content .  
D i ervi l l a sess i l i fo l i a ,  Sambucus  pubens and Oxydendrum arboreum 
contri buted to the seed ban k ,  but were absent i n  the vegetation . 
D i erv i l l a  sess i l i fol i a  i s  a common spec i es a l ong the C l i ngman ' s  Dome 
Road ;  consequentl y ,  thi s author i nferred that  seeds can d i sperse 
upsl ope i nto the beech gap a nd spruce s tand . Sambucus pubens 
produces red fru i ts charac teri s t i c  of orni thochorous s pec ies  ( Pi j l  
1 972 ) ,  suggest i ng that seeds i n  the so i l  arrive i nd i rectly by b i rds 
or by other a n ima l s .  
Oxydendrum arboreum poss i b ly di sperses i nto the s i te ;  i t  i s  
not c l ear ,  however , whether th i s  spec i es represents a contami nant from 
the greenhouse s i nce Dobberpuh l  ( 1 980 ) noted i ts presence i n  the 
vegetat ion  at Norri s ,  TN . Stupka ( 1 964 ) s ta ted tha t Oxydendrum 
arboreum occurs up to 5000 ft el evation i n  the Smok i es . Thi s  i s  
a l mo st  a s  h i gh a s  the study s i te .  
Al l woody pl ant  seeds present i n  the seed rai n  a nd seed ba nk 
occurred in  l ower dens i ty in  the seed ra i n  tha n  in  the seed bank .  The 
seed ba nk i s  therefore probab ly  the accumu l a ti on of seeds over many 
years of seed ra i n .  Betul a l utea, as  prev ious ly menti oned , is  the only 
excep ti on to th i s  observation . 
Tabl e 1 3  s ummari zes the dens i ty of herbaceous  p l a nts  i n  the 
vegetation , seeds in the rai n ,  and seeds i n  the soi l . Only two 
s peci es were present i n  both communi t i es as  p l ants , s eed ra i n ,  and  
seed ban ks : Eupator i um rugosum and C l ayton i a  v i rg i n i ca .  As s ta ted 
before , Cl ayton i a  v i rgi n i ca was present i n  the s pruce s ta nd i n  a n  
Tabl e 1 3 .  Summary of the Pl ant or Seed Dens i ty i n  the Beech Gap and 
S pruce Stand Vegetati on , Seed Ra i n  and Seed Ban k .  
S2eci e s  
C l ayton i a  vi rgi n i ca 
Eupa to r i um rugosum 
Aster s p .  
Phacel i a  fimb r i ata 
Impati ens pa l l i da 
Prenanthes a l ti s s i ma 
Angel i ca trigui nata 
C arex i ntumescens 
Sol i dago sp . 
Laportea canaden s i s  
C u scuta gronovi i 
C a rex pensyl van i ca 
Oxa l i s  montana 
C a ca l i a  rugel i a  
Erythron i um ame ri canum 
Dentar i a  d i phyl l a  
Stachys c l i ngma n i i 
Hous ton i a  se r2�l l i fo l i a  
Stel l ar i a  pubera 
Poa a l s odes 
L u zu l a  echi nata 
Tri l l i um erectum 
Tha l i ctrum d i oi cum 
Rudbec k i a  1 ac i n i ata  
L i l i um superbum 
Smil ax s p .  
Streptopu s roseus 
C l i nton i a  borea l i s  
Taraxacum offi c i na l e  
V i o l a  pa l l en s  
Rumex acetosel l a  
Potenti l l a  s i mpl ex 
B arbarea vul ga r i s 
D i centra cucu l l ar i a  
V i o l a  s p .  
H i erac i um pan i c u l atum 
Pl antago major 
Hyperi cum perforatum 
Polygonum erectum 
Lactuca s p .  
B l eph i l i a h i rsuta 
Erec hti tes hi erac i fo l i a  
V* 
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i s l and of beech  gap vegetat ion . C l ayton i a  v i rg i n i ca wa s the only 
herbaceous  spec i es wi th greater dens i t i e s  in the seed ra i n  than in the 
seed ban k .  The seed ra i n  a nd seed bank o f  thi s  spec i es were hi gh ly  
correl ated ( r=0 . 5 l , P=0 . 008 for test Ho : r=O ) . 
Eupa tor i um rugosum seeds occurred i n  h i g her den s i t i es in the 
beech gap than i n  the spruce s ta nd , i n  s p i te of the greater occurrence 
of Eupatori um i n  the spruce stand vegetat ion . F igure 2 1 g i ves the 
dens i ti es of Eupatori um rugos um seeds i n  the seed ra i n  a nd seed bank  
at each s i te .  The seed ra i n  d i stri but ion  suggests the seed source i s  
probably  near the Cl i ngman ' s  Dome Road where the h i ghest seed 
dens i ti es occur . The seed bank s i te dens i ti es a l so s uggest  the seeds 
a re from near the road i n  the reg i on of  the rav i ne i n  the beech gap .  
I t  i s  u nc l ear whether Eupator i um arr i ved i n  the spruce s tand from the 
road or from the beech gap . The data suggest perhaps that d i spersal 
does occur across  the boundary between the two pl a n t  commun i ti es . H i gh  
dens i t i es of  Eupatori um rugosum p l a nts do grow a l ong the C l i ngman ' s  
Dome Road.  
Many of the herbs present i n  the beech gap produced seed ra i n  
and had seed popul at ions  i n  the so i l ; Aster s p . , Phacel i a  f imbr i ata , 
Impati ens pa l l i da , Prenanthes a l t i s s ima ,  Ange l i ca trigui nata , Carex 
i ntumescens , Laportea canadens i s ,  Cuscuta gronov i i , a nd Ca rex pen­
syl va n i ca .  Onl y Sol i dago s p . and Carex pensyl van i ca had h i g her 
dens i ti es of seeds i n  the ra i n  than i n  the seed bank . Some of the 
Sol i dago seeds were smal l er than others s uggesti ng they were aborted . 
The h i gh dens i ty of Carex pensyl van ica seed ra i n  was the resu l t of 
many seeds col l ected in one grav i ty tra p .  
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SEED RAI N  
0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 
1 50 0 0 50 0 0 0 0 0 0 0 0 0 
50 200 1 00 50 0 0 0 50 0 0 0 0 0 
0 1 00 1 00 1 25 0 0 0 0 0 0 0 0 0 
SEED BANK 
94 1 9  44 1 2  1 9  44 6 1 9  0 0 
56 31 25 75 1 1 3  6 25 6 0 0 
1 1 2  50 88 3 1  69 1 2  6 63  6 6 
1 69 256 544 281 75 38 6 0 0 0 
444 656 1 00 0 1 69 6 0 6 0 0 
Beech  Gap Spruce Stand 
Fi gure 2 1 . D i stri but ion  of Eupator i um rugos um i n  the Seed Ra i n  
and Seed Bank . Val ues a re dens i ti es of seeds per meter squa red . 
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P l ants , seed ra i n ,  a nd seed banks were present i n  the spruce 
stand for Oxa l i s  montana and Caca l i a  rugel i a .  Caca l i a  rugel ia  seed 
dens i ti es were grea ter i n  the seed ra i n  than i n  the seed ban k .  Th i s  
s uggests the seeds have l ow germ i nat ion , short per iod of v i a bi l i ty ,  
h i g h  morta l i ty ,  o r  read i ly germ i nate once d i s persed . The total number 
of seeds co l l ec ted i n  t he seed ra i n  were few ( 3 1 ) i n  sp i te of the l arge 
number of seeds produced by each p l a nt  and thei r h i gh densi ty i n  the 
vegeta tion . Perhaps the s i ze of the seeds a nd the wetness of the 
envi ronment prevent effecti ve di s persa l  of th i s  spec i es . 
The fol l owi ng herbs con tr i buted to the seed ban k  but were 
absent from the seed ra i n ;  Oentar ia  di phyl l a ,  Stel l ar i a  pubera , 
Stachys c l i ngman i i ,  a nd Luzu l a  ech i nata . Th i s  wa s probably the resu l t 
of the l ow occurrence of these pl a nts i n  the beech gap and the l arge 
s i ze of  the i r  seeds . E ryth ron i um americana seeds were not col l ected 
s i nce the seeds produced are qu i te l arge (Montgomery 1 97 7 )  a nd the 
p l a nts are l ow i n  s tature . Housto n i a  serpyl l i fol i a  seeds were not 
trapped s i nce th i s  p l ant  grows prostrate on the so i l  s urface . 
I t  was d i ffi cu l t to expl a i n  the a bsence of Poa a l sodes seeds i n  
the beech gap seed ban k ,  parti cu l arly because the p l ants and seed ra i n  
were qu i te dense . Perhaps unfavorabl e greenhouse cond i t i ons prevented 
germi nation i n  the f lats . 
Spec i es present on  the s i te but a bsent from the seed bank and 
ra i n  were uncommon spec i es i n  both commun i ti es . These s peci es i ncl ude 
Tri l l i um erectum , Thal i ctrum d i o i cum , Rudbecki a l ac i n i a ta ,  L i l i um 
s uperbum, Smi l ax s p . ,  Streptopus roseus , a nd Cl i nton i a  borea l i s .  
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Many spec i es presen t on ly  i n  the seed bank were co l l ected i n  
s i tes  adjacent to the C l i ngman ' s  Dome Road , e . g . , Rumex acetosel l a ,  
Barbarea vul gari s ,  Pl antago major ,  Po lygo num erectum ,  B l eph i l i a  
h i rsuta , H i erac i um pan i cu l a tum , Hyperi cum perforatum , a nd Lactuca sp . 
These spec ie s  were present i n  the roads ide vegetat i on . 
Vi o l a  pa l l ens and Potent i l l a s i mpl ex were a bsent i n  the vegeta­
t i o n ;  they , however , had i nfrequent but h i g h  seed ban k  dens i ti es .  The 
presence of Potenti l l a s impl ex seeds at the Rubus canadens i s  thi c ket  
( trap s i te #57 )  s ugges ts the seeds were transported by b i rds . Perhaps , 
on  the other hand , Potenti l l a s i mplex p l ants were present i n  the 
vegetation when a previ ous d i sturbance opened the canopy wh i ch a l l owed 
the present senescent Acer rubrum to be rel eased from competi ti on . 
V i o l a  pa l l en s  seeds occurred a t  the h i ghest dens i t i es i n  the deeper 
so i l  sections  suggest i ng they had been bur i ed for qu i te some t ime . 
Perhaps  a s imi l ar trend woul d have been observed for Potent i l l a  s i mpl ex 
as  wel l .  
Tab l e  1 4  shows h i g h  s imi l ar i t i es wi th i n  each commun i ty accord i ng 
to Jaccard ' s  I ndex of S imi l ar i ty ( Muel l er-Dombo i s  a nd El l enberg 1 974 ) . 
Low s imi l ari t i es between the seed ra i n  and seed banks occurred because 
many spec i es i n  the vegetat i on were present i n  the seed bank  but 
a bsent from the seed ra i n .  H i g h  s imi l ar i ti es between the vegeta ti on 
and the seed ra i n  were found because few s pec i es present i n  the seed 
ra i n  were not present on the sampl i ng s i tes . S imi l a r i t i es between the 
vegetat ion  and the seed bank were qui te h i gh ,  a l so .  
The s imi l ari ty between the beech gap seed bank  and the beech 
gap vegetat ion  wou l d  have been h i gher i f  weedy road s pec i es present i n  
Tabl e 1 4 .  S im i l ari ty Between the Vegetati on ,  Seed Ra i n ,  and Seed Banks Wi th i n  and Between the 
Communi t i es .  
Beech Gap Spruce Stand 
Commun i ty Source Vegeta t i on S .  Rai n S .  Bank Vegetat i on S .  Ra i n  
Beech Gap Vegetati on 
Seed Ra i n  
Seed Bank 
Spruce Stand Vegetati on 
Seed Ra i n  
Seed Bank 
40% 





*The excl u s i on of roadside s pec i es resu l ts i n  a Jaccard ' s  coeffi c i ent  of s i mi l ari ty of 56% . 
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the seed ba nk had been cons idered presen t i n  the vegeta tion . Actua l ly 
these spec i es were present i n  the vegetat i on but samp l e  p l ots were 
absent i n  these a reas . Al teri ng the ca l cu l ati on s  to recogn i ze th i s  
gave a h i gher s i mi l a ri ty i ndex between the beech gap seed bank a nd the 
beech gap vegeta t i on ( 56% ) . 
Even though the vegetat ion , the seed ban k ,  a nd seed ra i ns were 
very s imi l a r  between the two pl an t commu n i t i es ,  s i gn i fi cant quanti ta ­
t i ve d i fferences d i d  ex i st .  S imi l ari ty i nd i ces ta ke i n to account the 
presence of spec i es but do not i ncorpora te quanti ta ti ve d i fferences . 
The seed ra i n  and seed banks of these two p l ant commun i ti es had 
a h i gh degree of  s imi l ari ty wi th  the vegeta ti on wh i ch contrasts wi th 
most of the seed ra i n  a nd seed ba nk s tudi es . Oobberpuhl  ( 1 980 ) had 
s imi l a ri ty i nd i ces of 4 . 5  to 21 % i n  compari sons between vegeta tion and 
seed banks . 
Th i s  i s  not to say that some s pec i es d i d  not occur i n  the i nputs 
and s to rages that were a bsent from the vegeta ti on , but tha t those 
spec i es formed a mi nor part of the seed ra i n  i nputs and storages . 
The most  common pl ants were a l so the most common components of the 
seed ra i n  and the seed banks . The on ly  excep ti ons were Potenti l l a 
s i mpl ex and V i o l a  pal l en s .  
Spec i es a bsent i n  the seed ra i n  tended to be the uncommon 
s peci es , p rostrate s pec i es , or s pec i es predomi nantly di s persed by 
b i rds . Speci es a bsent from the seed bank tended to be uncommon 
herbaceous s pec i es or woody perenn i a l s except for secondary s uccess iona l  
spec i es .  
CHAPTER I X  
DI SCUSS ION 
I .  D ISPERSAL ACROSS BOUNDAR IES 
The vegetat ion  data col l ected demonstrated the contra sti ng 
s pec i e s  assembl ages and domi nan ts characteri z i ng the beech gap and 
spruce sta nd communi ti es . Wi thout such contrasti ng compo s i tions , i t  
wou l d  have been imposs i bl e  to exami ne seed exchange across  the 
boundar ies between the p l a nt cowroun i t i es . 
The seed ra i n  cl early demonstrated the d i spersa l of P i cea 
rubens and Betul a l utea seeds i n to the beech gap .  The i r  d i spersal 
most  l i kely occurred because of the i r  wi nd di spersed seeds and the i r  
rel ea se from i n  the canopy . The demonstrat ion  of a negati ve exponent ia l  
decrea se i n  Betu l a l utea seed ra i n  i nto the beech gap  was i nd i ca ti ve of  
d i spersa l from the  spruce stand .  
The presence of Betu l a l u tea i n  the beech gap may have  con­
tr i buted to the seed rai n i n  the beech gap :  the di spersal curve , 
however , suggests i ts contri but ion  was m i n ima l . Perhaps the l ate frosts 
on  May 26 and 27,  1 979 duri ng the fl oweri ng season ( Fowel l s  1 965 ) 
s i g n i fi cantly damaged the deve l op i ng embryos i n  unprotected trees 
outs i de of the P i cea rubens canopy . Brown and shri vel ed l eaf ends of  
Betu l a  l utea and Fagus grand i fo l i a  observed i n  1 979 were presumab ly  
the resul t of  these l ate frosts . 
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Caca l i a  rugel ia  appeared to have mi n ima l  d i spersal deep i n to 
the beech gap ( traps #50 and #51 ) ;  the absence of  Caca l i a  seeds 
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c l oser to the boundary s uggested that these seeds m i ght have been 
d i s persed unusua l ly fa r .  I f  major  winds  b l ow downsl ope , the seeds 
cou l d  have arr i ved from the s tr i p  of  s pruce vegeta t i on a l ong the ri dge 
crest  ( s ee F i gure 2 , page 21 ) .  
The presence of Poa a l sodes i n  the spruce stand seed ra i n  a nd 
seed bank near the boundary s uggests that th i s  s pec i es can d i s perse 
i nto the s pruce stand.  
The occurrence of  Eupator i um rugosum i n  the seed ra i n  a nd seed 
ban k  needs exp l anat ion  part i c u l arly s i nce i t  occurs i n  l ow dens i ty i n  
the vegetat i o n . These seeds pos s i b l y  ori g i nated from ( 1 ) p l ants i n  
the commun i ty ,  ( 2 ) bur ied seeds from pl ants once from the commun i ty ,  
a nd/or ( 3 )  from p l a nts outs i de o f  the communi ty .  
Eupa tori um rugosum pl ants occurred i n  a s l i ght ly h i gher dens i ty 
i n  the s pruce s ta nd compared to the beech gap ; but h i gher dens i ti es of 
seeds in the seed ra i n  and banks occurred in the beech gap ( see  
F i gure 2 1 ,  page 1 1 2 ) . Th i s  s upports the suggest ion  that seeds i n  the 
beech gap have d i s persed from popul at ion s  a l ong the C l i ngman ' s  Dome 
Road . Otherwi se the seed den s i ti es s hou l d  be expected to be h i gher 
in the s pruce sta nd . 
I t  i s  not cl ear ,  however , whether the seeds present i n  the 
s pruce stand seed ra i n  and banks represent the combi ned i nput from the 
C l i ngman ' s  Dome Road and the pl ants i n  the spruce sta nd or  sol e ly  from 
the p l a nts i n  the vegetation . 
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There was l i ttl e evi dence for apprec i a bl e  herbaceous  seed 
exchange between these two p l a nt commun i ti es .  Kel l man  ( 1 974) found 
seeds from the adjacent secondary commun i ty at  d i stances up to 1 00 m 
i nto the forest . C heke et a l . ( 1 979 ) fou nd seeds d i s pers i ng up to 
1 50 m i nto a trop ical  forest . These stud i es s uggested di spersa l i nto 
forests can occur ;  the d i stances wou l d ,  however,  be affected by the 
wi nd d i rect ion  a nd speed and the turbu l ence i n s i de the forest .  
Major wi nds at t he  study s i te probab ly  b l ow downsl ope from the 
s ta te l i ne ri dge where major storms and c l ouds ori g i nate . Such wi nds 
b l owi ng  in th i s  manner wou l d b l ow paral l el to the boundary .  Th i s  
wou l d reduce the seed exchange between the pl ant  commun i ti es . 
Shel don and Burrows ( 1 97 3 }  demons trated that wi nd turbu l ence 
cou l d affec t the d i s persa l of pappus ha i red seeds . The presence of a 
dense shrub l ayer i n  the s pruce s tand coul d have reduced the di stance 
wi nd coul d transport seeds . Tree bol es wou l d a l so reduce wi nd s peed . 
I n  a n  envi ronment of h i gh frequency of orograph i c  prec i p i ta tion , 
i t  wou ld  be expected that the effecti venes s of  d i s persa l  of pappus 
beari ng seeds wou l d  be reduced by the hygroscop i c  properti es of pappus 
ha i rs .  Perhaps seeds of Eupator i um rugosum al ong the road have a 
h i gher chance of di s pers i ng s i nce greater wi nd vel oc i ty i n  the 
u nforested a reas may dry pappus ha i rs more q u i c kly . 
The s pec i es s tud i ed tha t  rely on wi nd d i spersa l were 
Eupatori um rugosum ,  Aster d i var i ca tus , So l i dago s p . , Caca l i a  rugel i a ,  
Acer rubrum , Acer pensyl van i cum, Betul a l u tea , P i cea rubens , Hi era c i um 
pan i cul atum , a nd D i ervi l l a sess i l i fo l i a .  
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Many of the seeds are a n ima l  di spersed such a s  Prunus 
pen syl van i ca , Sambucus pubens , Sorbus  ameri cana , Rubus ca nadens i s , 
Poten ti l l a  s i mpl ex ( ? ) ,  and Amel anch i er l aev i s . These s pec i es wou l d  
b e  found where p l a nts were not a va i l ab l e ,  but they wou l d not occur  i n  
a pred i ctabl e manner.  
The beech gap herbs may possess severa l  d i s persal mechan i sms . 
Some s uch  as  C l ayton i a  v i rg i n i ca and Tr i l l i um erectum are probab ly  
myrmecochorous . Seeds of  C l ayto ni a  are al so d i s persed by l eaf  l i tter 
movement as we l l . Many herbs a re essenti a l l y  barochorous , i nc l ud i ng 
Phacel i a  f imbri ata , a nd Impati ens pal l i da ( a l so autochorous ) . These 
are probably not d i spersed very far . I t  i s  unknown i f  myremecochory 
occurs at  these el evati ons ; Col e ( 1 940) d id  fi nd genera of ants a t  
these e l evat ions ( Las i us ,  Crema togaster, a nd Aphaenogaster ) whi ch 
Bea tti e and Cu l ver ( 1 981 ) i mp l i cate as  seed d i s pers i ng .  
Seed producti on var iat ion  i n  response to yearly cl i mat i c  
fl uctua tions i s  a l so important  i n  exami n i ng d i spersa l . Greater seed 
excha nge between these commu n i ti es coul d be expected i n  years favorab l e 
for l arge seed crop production a nd favorabl e for di spersa l  (drier  for 
anemochorous  pl ants ) . 
The year 1 980 was probab ly  a more favorabl e year for seed 
production because the summer was dri er than i n  1 979 when near record 
prec i p i tati on  occurred . Al so there was no l ate May fro st  to damage 
young l eaves and fl owers of the trees and s pri ng fl ora . Such 1 980 
cond i ti ons resu l ted in the production of some fu l l  Fagus grandi fo l i a  
seeds a nd a good Amel anch ier  l aevi s pome cro p .  
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Whi l e  Pi cea rubens a nd Betul a l utea seeds moved i nto the beech 
gap from the spruce stand , few herbaceous s pec ies and seeds di spersed 
across  the boundary .  These observations  ma ke i t  i nteresti ng to 
s pecul ate that the tree canopy can mi gra te faster than the herbaceous  
fl ora as  a resu l t of  envi ronmenta l  c hange and the  grea ter tree seed 
di spersi b i l i ty .  Th i s  wou l d  not be true , however i f  the s uccessfu l  
germi nation and  establ i s hment of  those tree seeds were i nfrequent .  
The herbaceous fl ora might have time enough to keep up w ith  the 
advanci ng overstory vegetat ion  mi grati on . C l early d i s persal i n  space 
and t ime must be understood i n  vegetation  m i grat ion  a nd dynamics . 
The overstory and u nderstory vegetat ion  transects d i d  not 
suggest that e i ther p lant  commun i ty i s  m igra ti ng i n  any parti cu l ar  
d i rectio n .  The presence of i so l a ted sma l l P icea rubens trees i n  the 
beech  gap i s  evi dence for red s pruce i nvas i on i nto the beech gap : no 
young Fagus grand ifo l i a  s tems were o bserved deep i ns i de the spruce 
stand . The i sl a nd of C l ayton i a  a nd Erythroni um ameri canum 1 5 m i ns i de 
the s pruce sta nd u nder the P i cea rubens canopy suggested that the red 
spruce ha s mi grated i nto the beech gap and formed an overstory .  I t  
does not seem l i ke ly  that these two herbs wou l d  be  mi grat i ng i nto a 
coni ferous stand a s  the seed d i spersa l s tudy s upports . Al so the l ac k  
of  dec iduous canopy fl uctuat ions  i n  the s pruce stand wou l d  be 
u nfavorabl e for these s peci es . Schemske ( 1 977 ) has accumu l a ted 
evi dence tha t  Cl ayton i a  vi rgi n i ca fl oweri ng p henol ogy and l i fe h i s tory 
are i nfl uenced by the devel opment  of the canopy i n  the spri ng . A 
s tudy of C l ayton i a  vi rgi n i ca seed survi va l a nd germ i na ti on wou l d hel p 
answer thi s questi on . 
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I I . SUCCESS ION AND REGENERATION 
The seed banks of these two pl ant  commu n i t i es contrasted greatl y 
a s  to spec i es compos i tion  a nd tota l seed den s i t ies . These d i fferences 
were l i ke ly due to d i sti nct herb l ayer s i nce most of the seeds i n  the 
so i l were of  herbaceous or i g i n .  
The overa l l dens i ty o f  seeds per m2 i n  the beec h gap was 25 1 8 
seeds . Thi s den s i ty i s  qui te h i gh for most  seed banks exami ned under 
dec i duous forests ( see Tabl e 1 ,  page 1 1 ) .  Onl y Oos t i ng a nd Humphreys 
( 1 940 )  found a comparabl e den s i ty of seeds i n  the so i l  of a n  oa k­
h i c kory forest . A tota l  of 773 seeds per m2 wa s found i n  the s pruce 
sta nd wh ich  compares qu i te wel l  wi th most  coni ferous seed banks . 
I n  agreement wi th a l l previous seed bank stud i es , these banks 
l ac ked seeds from overs tory spec i es except for Betu l a  l u tea . Thi s 
f ind i ng was l i ke ly due to the parti cu l ar l i fe h i s to ry strateg i es that 
trees have evol ved wh i c h  ma i nta i n  a nd perpetuate the i r  spec i es .  To 
paraphrase Gr ime ( 1 979 ) , these genera ( Fagus ,  Aescu l us ,  Amel anch i er ,  
a nd P i cea ) l ac k i ng i n  the seed bank depend o n  the i r  seeds bei ng 
d i gested by an ima l s w ith a few seeds l ost  i n  trans i t to a s torage or 
feedi ng s i te .  Those l ost seeds wi l l  hopefu l ly  survi ve to germi nate 
and become establ i shed . 
Mos t  surpri s i ng i s  that the seed bank of  both communi t ies  was 
very s i mi l ar to t he overly i ng communi ty compos i tion . The beech gap 
seed bank had a Jaccard I ndex of s imi l ar i ty of 38% wi th the overstory 
vegetat i on . The s pruce stand seed bank had a val ue of 43% . Most s eed 
bank  s tud ies  have found h i gh dens i ti es a nd frequenc i es of early 
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s uccess iona l s pec i es . Only Rubus canadens i s ,  Eupator i um rugosum ,  a nd 
Prunus pensyl vani ca had h i gh den s i t ies and frequenc i es o f  seeds i n  the 
so i l s . Potent i l l a  s impl ex had h i g h  dens i ti es of seeds in  the beech gap 
but i ts frequency was l ow .  Other earl y s uccess iona l  s pec i es such  a s  
Sambucus pubens , Hyperi c um perforatum , Lactuca sp . ,  D i erv i l l a 
sess i l i fol i a ,  a nd H i erac i um pan i c u l a tum had l ow den s i t i e s  a nd 
frequenc i es .  Onl y the spruce stand seed bank conformed to other seed 
banks  s tud i ed by hav i ng the mos t  i mportant  a nd common spec i es be i ng 
early s ucces s i ona l . 
Large popul at ions of  weedy success iona l  spec i es were absent i n  
these seed banks except for sampl es removed adj acent to the C l i ngman ' s  
Dome Road . Th i s  resul t can be expl a i ned by one observati o n :  i n  the 
Great Smoky Mounta i ns Nati onal Park ,  l arge sca l e man-made d i s tu rbance 
i s  rare , so that weedy s ucces s i onal seed sources are l ac k i n g . A major 
mosa i c  of man-made d i sturbance does not occur here . The nearest early 
weedy s ucces s i onal  seed sou rce of any k i nd i s  the narrow d i s turbed 
s tr i p a l ong the C l i ngman ' s  Dome Road and H i ghway 441 . These d i s tu rbed 
areas a re fa i rly  stati c .  
Ramseur stated that Prunus pensyl van i ca is the mos t  common 
secondary s ucces s i onal commun i ty fol l owed by i ts l ater s tage , the 
Prunus pensyl vani ca-Betu l a  l utea commu n i ty .  These commun i ti es are 
dom i na ted by Prunus pensyl van i ca , Serbus ameri cana , Betul a l utea , 
Sambucus pubens , Eupatori um rugosum , D i erv i l l a  ses s i l i fo l i a ,  V i burnum 
al n i fo l i um ,  a nd Amel anch ier  l aevi s .  
H i g h  den s i t i es of Betu l a  l utea , Rubus canaden s i s ,  Prunus 
pensyl vani ca , and Eupatori um rugosum seeds i n  the s pruce stand s uggest 
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that a vegetati on co ver s hou l d  devel op  rap id ly  fol l owi ng a d i s turba nce ,  
e . g . ,  wi ndthrow . The l ow dens i ty of Sambucus pubens did not detract 
from i ts potent i a l  rol e  i n  d i s tu rbance recovery .  
L i ttl e i nformation  ex i st s  concern i ng d i s turbance and succes s i on 
i n  beech gaps . Russe l l  ( 1 953 ) noted a bad wi ndstorm that b l ew down 
trees a nd l imbs i n  a beech gap . Oh ( 1 964 ) proposed that the patterns 
of Fagus grandi fol i a  i n  the beech gap s uggest cyc l i c  regeneration  by 
root sucker i ng wh i c h  prevented Pi cea rubens from i nvadi ng . C l e bsch  a nd 
DeSe lm  ( pe rsonal commun i cat i o n )  have observed Fagus grand i fo l i a  
seed l i ngs i n  beech gaps twi ce i n  2 5  years ; however , the i r  surv i va l  i s  
un known . 
D i sturbances observed duri ng th i s  s tudy i nc l uded the b lowi ng 
down of  l arge Fagus l imbs and a canopy open i ng resul t i ng from the s l ow 
death of an  Acer rubrum tree . The understory under the tree i nc l uded a 
dense thi cket of Rubus canaden s i s . Succes s i onal  s pec i es present i n  the 
seed bank  i nc l uded Betul a  l utea , Eupatori um rugosum , a nd Potenti l l a 
s i mpl ex . Low den s i ti es a nd occurrence of Prunus pensyl va n i ca a nd 
Sambucus pubens i nd i cated that these spec i es mi ght occur g i ven a major  
canopy open i ng .  
Compa ri son of the tota l number of seeds that germi nated rel a t i ve 
to the number of reproducti ve propagu l es that emerged s hows some 
i nteresti ng trends . The major  herbaceous spec i es i n  the s pruce s ta nd 
rel i ed mos tly  on asexua l reproduction ; some seed , however , i s  
produced each year .  These spec i es are Caca l i a  ruge l i a  a nd Oxal i s  
mon ta na .  On the other hand , Rubus canaden s i s ,  the major shrub speci es , 
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ma i ntai ned a l arge seed bank but i s  ab le  to reproduce by cane buri a l  
i n  the so i l . 
Mos t  o f  the herbaceous s pecies i n  the beech gap had a h i gher 
proportion of the i r  reproduct ion  in seeds ra ther than i n  asexua l means . 
C l ayton i a  v i rgi n i ca and Erythron i um ameri cana had approximately equa l 
numbers of seeds a nd asexua l reproduct i ve organs ( bu l bs and corms ) 
sugges t i ng that these two s pec i es may reproduce by both mea ns more or  
l es s  equal l y .  
Most o f  the common ly  occurri ng spec ies i n  both commu n i ti es were 
perenn i a l s .  The on ly except ion  i s  Impati ens pa l l i da . The a bi l i ty to 
regenerate asexua l ly ensures the conti n ued s urv i val of these p lant  
popu l ations  duri ng extreme env i ronmenta l per iods when sexual  reproduc­
t i o n  may be l imi ted . Some l evel of sexua l reproduct ion  ensures 
conti nued var iab i l i ty i n  the p l ant  popu lat ion  genotype upon wh i c h  
natural sel ection  may act on ( Grime 1 979 ) . The occurrence of  bur i ed 
v i a b l e  seed banks of  most herbaceous spec i es ensures that after some 
di s turbance , geneti cal l y  var i abl e i ndi v i dual s wi l l  be ava i l a b l e  for 
future generati ons . Accordi ng to Templ eton and Lev i n  ( 1 979 ) these 
seed bank  seedl i ngs wi l l  ensure some degree of geneti c s tabi l i ty over 
t ime . 
Speci es rely i ng mos t  on buried roots , corms , and bul bs  for 
successful reproduct i on were those that are mos t  l i ke ly to become 
l oca l l y  exti n c t  from wi l d  bear rooti ng i n  the Great Smoky Mounta i ns 
National Park . Bratton { 1 974 and 1 975a ) s tated that o bserved food 
i tems i ncl ude C l ayton i a  vi rg i n i ca ,  L i l i um superbum , Stachys c l i ngman i i ,  
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Stel l ar ia  pubera , Laportea canaden s i s ,  Impat i ens pal l i da , Dentari a 
d i phyl l a ,  a nd Polygonatum pubescen s .  Other herbs and ferns are a l so 
damaged by wi l d  boar  rooti n g .  
O f  t hese speci es , L i l i um s uperbum , Denta r i a  d i phyl l a ,  a nd 
Po lygonatum pubescens l acked an  apprec i a b l e seed bank ;  these spec i es 
wou l d ,  therefore , most  l i ke ly  become exti nct .  The o ther perenn i a l  
spec i es ma i nta i n i ng some seed bank wou l d  probably pers i st for several 
years unti l the i r  seed ba nk  had been depl eted . Th i s  study confi rmed 
the resul ts of Bratton ( 1 974 , l 975a ) i n  s uggesti ng that many spec i es 
wou l d  become l oca l ly  exti nc t s i nce they l ac k  a seed bank .  These 
spec i es wou l d  not have seed popu l a t i ons that cou l d germi nate and 
become establ i shed to repl ace the popul at ions  deci mated by the boar . 
I I  I .  ORIG IN  AND MAINTENANCE OF BEECH GAPS 
Var iou s  researc hers have specu l ated on the ori gi n a nd ma i n te­
nance of the h i gh el eva tion  beech gaps i n  the Great Smoky Mounta i ns 
Nati onal Park . Much  new evi dence has come to l i ght  i n  the l as t  
several years that bears o n  th i s  top i c . 
Wh i ttaker ( 1 956 )  proposed the hypothes i s  that the beech gaps 
ori g i nated duri ng the post  g l ac i a l  hyps i therma l period . The pos t  
g l a c i a l  hyps i thermal per iod i s  defi ned a s  that peri od from 1 0 , 000 to 
2000 years BP when the thermal maximum temperature was 2 ° -3° C h i g her 
than today ( Deevey and Fl i n t  1 957 ) . An h i s tor ica l  exp l anat ion seemed 
l i ke ly s i nce the abrupt boundary between the two commu n i ti es cou l d  not 
be expl a i ned by bedrock d i fferences , topograph i c  d i scont i nu i ti es ,  or 
d i s turbance d i fferences ( Wh i tta ker 1 967  a nd Wo l fe 1 967 ) . 
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Wh i tta ker ( 1 956 ) hypothes i zed tha t spruce and fi r occurred at  
l ower el evat ion s  i n  t he  Smok i es duri ng t he  P l e i stocene g l ac iat ion . 
The s ubsequent hyps i therma l period el imi nated these s peci es from 
el evati ons up to 5600 ft . Th i s  wou l d  have el imi nated s pruce and f i r  
from s i tes south of  Cl i ngma n ' s  Dome a nd M i ry R idge . Beech , mi xed 
beech a nd red and whi te oa k-chestnut wou l d have mi grated ups l ope to 
fi l l  the gap .  These barochorous s pec ies  wou l d  have m igrated ups l ope by 
root s uc ker i ng ( Fagus ) or by a n ima l  di spersal of seeds . 
At the end of the hyps i therma l , when the earth ' s  c l imate cool ed , 
s pruce and f i r  wou l d  have mi grated downs l ope aga i n  to the i r  present 
l imi t of 4500 ft ; further mi grat ion to th e southwest woul d have been 
h i ndered by the nearly pure stands  of beech .  Schofi el d ( 1 960 ) and 
Fu l l er ( 1 977 ) a l so bel i eved the beech gaps ori g i na ted duri ng the 
hyps i therma l  per i od .  
S i nce the early 1 970 ' s  a wea l th  of pal eobota n i ca l  i nformat ion  
ha s  been col l ected concerni ng Pl e i stocene a nd Hol ocene vegetati on 
mi grati ons in  the southea s t .  Most  s i tes southeast of Tennessee s how a 
gradual warm i ng trend s i nce the end of the Pl e i s tocene ( Del court and 
Del court 1 977 ; Del court 1 980 ; Del court et a l . 1 981 ; Watts 1 971 , 1 975 , 
a nd 1 980 ) ; work  i n  Tennessee ,  however ,  a t  Shady Val l ey by Barcl ay 
( 1 957 ) and o n  the Cumber l a nd P l ateau by Del court ( 1 979 ) s uggests a 
warmer and dri er peri od ( the hyps i thermal ) between the P l e i s tocene and 
the cl imate of the l ast severa l thousand years . 
Recently Del court and Del court ( 1 979 ) have deve loped maps of  the 
vegetation  of  eastern North America  for the l ast  40 , 000 years . These 
maps are based on  the pa lyno l og ica l  records from s i tes across  the 
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regio n .  The maps i l l us trate the i r  i deas concern i ng vegetation  move­
ments for the t ime period exam i ned .  I n  expand i ng o n  thei r i deas 
Del court { 1 97 9 )  presents the fo l l owi ng i dea s :  ( 1 ) deci duous forest 
s pec i es were l ocated i n  refug i a  a l ong the southward fl owi ng ri vers 
enteri ng the Gul f of Mex i co duri ng the he i ght  of g l ac i a ti o n ,  { 2 )  mi nor 
refug i a  may have a l so occurred on south fac i ng s l opes i n  the Grea t 
Smoky Mounta i ns ,  ( 3 )  deci duous taxa mi gra ted northward to where they 
a re found today a s  the gl ac i ers a nd spruce and jack  p i ne retreated 
northward , and ( 4 )  Amer i can beech probab ly  reached these l a t i tudes 
a round 1 2 ,000 years ago . A fi nal  importa nt conc l u s i on of thi s is that 
p l ant  commun i ti es a re dynami c  a nd that those observed today were 
created as the great Laurant ide i ce s heet receded at the end of the 
Pl e i s tocene . 
Unfortunately ,  the Whi tta ker hypothes i s  wi l l  probab ly  never be 
concl u s i ve ly confi rmed ; the pal yno l og i ca l  evi dence , however , makes 
thi s hypothes i zed ori g i n  of beech gaps p l au s i bl e .  Perha ps eas i er to 
understand and to exami ne exper imenta l l y  i s  the ma i ntenance of the 
beech gaps a nd the s l owness of the red spruce i nva s i on i n to them . 
Schofi el d ( 1 960 ) presented ev i dence that red spruce i s  i nvad i ng 
the beech gaps . H i s evi dence cons i sted of the observation  that young 
spruces grow i n  proximi ty of  the boundary .  He bel i eved that patches 
of spruce become establ i s hed i n  the beech gap and by popu l a t ion 
growth , coa l esce wi th the nei ghbor i ng red s pruce s tand . 
Schof ie l d ( 1 960 ) bel i eved red s pruce cou l d  on ly  s l owl y i nvade 
the beech gaps  because the i r  seed l i ngs cou l d  not survi ve i n  the 
dec i duous l eaf  l i tter and i ts mi crocl i mate . Oh ( 1 964 ) saw evi dence 
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for the cyc l i c  regenerat ion  of  beech from i ts d i s tr i but ion  pa ttern . He 
detected a mosa i c  of l a rge tree c l umps (mature s i te s )  and dense sma l l 
tree c l umps ( regenera ti on patches ) .  He observed that red s pruce i s  
capa bl e of i nvad i ng what he cal l ed the s ubarea where the beech regenera­
t ion  mosa i c  pattern i s  l east  devel oped . These subareas are often on or  
near the  bounda ry .  He  concl uded that red s pruce i s  probably not a part 
of the norma l regenerat ion  compl ex i n  the beech gaps . 
Ful l er ( 1 97 7 )  tested the hypothes i s  that some 11 i nterference 
mechani sm caused by the domi nance of beech was preventi ng red spruce 
from i nvad i ng the beech gaps . .. Fu l l er d i scovered that s pr i ng d i u rnal 
soi l temperature vari at ion  was greater in the beech gap tha n  i n  the 
spruce stand . Th i s  del ayed and reduced red spruce germi nat ion . He found 
that beech l i tter conta i ned poss i b l e  a l l el ochemical  i n h i bi tors . 
Red s pruce seed l os s  by predat ion  was shown to be h i gher i n  the 
beech gap than i n  the s pruce sta nd . Ful l er a l so o bserved t hat  some 
beech mortal i ty was due to damp i ng off of the germi nat i ng seeds i n  the 
beech ga p .  H e  s uggested t h a t  the dec iduous l eaf l i tter l ayer preven ts 
succes sful germi nation  by acti ng as  a barrier  to rad i c l e  growth i n to 
the mi nera l  soi l . Ful l er conc l uded that a comb i na tion  of a l l these 
factors hampers the i nvas i on of  red s pruce . 
Wol fe ( 1 967 ) found that the only soi l d i fferences between beech 
gaps and s pruce fi r are the resul t of the vegetation . He on ly found 
di fferences i n  the l i tter and h umus l ayers . The l ower pH under the 
spruce sta nd caused chel uv i at ion of i ron i nto l ower l ayers . Thi s does 
not occur in the beech gap soi l . The texture and s urface of the 
coni ferous a nd dec i duous l i tter l ayer are s ig n i ficantly di fferent .  
Ful l er found soi l temperature d i fferences and mo i s ture content 
d i fferences between the soi l s .  
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I t  i s  pos s i b l e  w i th our present knowl edge to theoreti ca l l y  
expl a i n  the l ac k  of  i nvas i on o f  e i ther commun i ty s pec i es group i n to 
the o ther , o n  the bas i s  of  l i tter d i fferences a l one ,  exc l ud i ng b i ot i c  
factors . 
Successfu l  i nvas i o n  depends on the s uccessfu l  d i s persal o f  
propagul es i n to the s i te a nd the i r  l and i ng at a safe s i te .  Harper 
( 1 977 )  defi nes the safe s i te as  that envi ronment wi th the appropri ate 
cond i t i ons for s uccessful germi nati on a nd establ i s hment where preda­
tors , competi tors , a nd a l l e l ochemi cs a re a bsent . Th i s  i s  a subset of 
Gru bb ' s  ( 1 977 ) regeneration n i che defi ned as the d i ffer i ng seed 
product ion , d i s persa l  mecha n i sms ,  germi nation  and esta bl i shment 
requ i rements , a nd p l ant  deve lopment s trateg ies  that separates p l ants 
hav i ng the same n utri ti onal a nd env i ronmental requ i rements a s  adu l ts .  
Fac tors important i n  determi ni ng safe s i tes have been exami ned 
exper imental ly .  Harper and Benton ( 1 966 ) demonstrated that wa ter 
ten s i on s i g n i f i cantly  affects seed germi nation s uccess .  They a l so 
showed that seed s hape ,  s i ze ,  a nd how i t  i s  p l a ced on the subs trate 
can determ i ne what condi ti ons a re favorabl e for germi nat ion . Harper 
et a l . { 1 965 ) s howed that  the soi l mi c rotopography ha s a profound 
i mporta nce i n  determi ni ng whi ch s pec ie s  can s uccessfu l l y  germi nate 
where . Peart ( 1 97 9 )  demons trated the rol e  seed s hape pl ays i n  the 
d i s persal of seeds to spec i f ic  mi cros i tes . 
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Other factors of importance woul d be  the amount and q ua l i ty of  
l i ght  ( Wesson and  War i ng 1 969 ) , so i l  a nd l i tter chemi stry, presence 
of competi tors , a nd the presence of seed consumers . 
It  i s  easy to c i te a ny of  these factors as  preventi ng the 
successful i nva s i on of spec i fi c  s pec i es , i t  i s  more d i ffi cul t to 
demonstrate wh i c h  factors are i mportant . The work of  Fu l l er ( 1 977 ) i s  
a fi ne examp l e of a study des i gned to exam i ne the factors important i n  
the succes sful or u nsucces s ful recru i tment of p l a nt popul a t i ons . 
The study area prov i des an excel l ent f i e l d  l aboratory i n  whi ch 
to i nvesti gate the  factors important  i n  the s uccessful recru i tment of 
pl ant  popul at i ons by seeds . Stud ies  o f  t he requi rements for success ­
ful seed germ i nat ion  o f  herbaceous  s pec i e s  coul d b e  eas i ly performed 
s i nce the herbs mi ght be l ess  l i ke ly to exh i b i t  l arge fl uctuat ions 
of  seed production  from yea r to year compared to trees . Stud ie s  
concerni ng the l ack of  succes s fu l  germi nation of  i nvad i ng forei gn  
seeds wou l d  contri bute to  our u nders tand i ng of the ma i ntenance of 
pl ant  commu n i ti es and the mi grat ion  of p l ant  commun i ty boundar ies . 
CHAPTER X 
CONCLUS I ON 
The ma i n  objecti ve o f  th i s  study was to determ i ne i f  seed 
exchange occu rs across the boundary between beech gaps and spruce 
s ta nds by quant i fyi ng a ny seed ra i n  c hanges wi th i ncrea s i ng di s tance 
from the boundary .  The v i abl e  seed bank  was sampl ed for ev idence o f  
seed exchange and to determi ne the potent i a l  ro l e  buried v i abl e seed 
m ight  p l ay i n  the vegetat ion  dynamics  a nd gap-phase s ucces s i on of the 
a rea . 
Vegetat ion  sampl i ng demonstrated that the canopy of  the beech 
gap a nd spruce stand di ffer quanti ta t i ve ly  i n  the importance of  
s pec i es i n  common to  both . Overs tory transects demonstrated the  
exi ste nce of  a narrow ecotone between the two p lant  communi ti es where 
P i cea rubens a nd Fagus grand i fol i a  i n tergrade and where Ame l a nch i er 
l aevi s i s  found . 
The beech gap l acks an apprec i abl e shrub l ayer wi th on ly  Fagus 
grand i fol i a  and  Rubus canadens i s  bei ng common . The spruce stand , 
however , has  a dense shru b  l ayer domi nated by Rubus canadens i s , 
V i burnum a l n i fo l i um ,  Betul a l utea , a nd Vacc i n i um erythrocarpum . 
The most  o bv i ous di fference i s  found i n  the herbaceous  fl ora . 
The s pruce sta nd i s  domi nated by Oxa l i s  montana and Caca l i a  ruge l i a ,  
whereas the beech gap conta i ns a ri ch  mes i c  woodl and fl ora of  
C l ayton ia  v i rgi n i ca ,  Erythroni um ameri canum, Impati ens pa l l i da , Aster 
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d i varicatus , Poa a l sodes , Carex i ntumescens and Phacel i a  
fimbri ata . 
The seed ra i n  s tudy establ i shed that Betu l a  l utea and Pi cea 
rubens seeds d i sperse from the s pruce s tand to the beech gap . 
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Betul a l utea s howed a negati ve exponenti a l  decrease i n  dens i ty wi th 
i ncrea s i ng d i s tance i nto the beech gap .  Only Caca l i a  rugel i a  a nd Poa 
a l sodes appear to be d i spers i ng from thei r res pecti ve ha b i tat  ( s pruce 
s ta nd and beech gap )  i n to the adjacent commun i ty .  Evi dence i s  
presented for the d i spersal o f  Eupatori um rugosum i nto the beech gap 
from the Cl i ngman • s  Dome Road;  it i s ,  however,  uncerta i n  whether those 
seeds present i n  the spruce stand ori g i nate from the road a l so .  
From the seed bank data , i t  was i nferred that seeds of Betu l a  
l utea ( from the s pruce stand ) and Poa a l sodes ( from the beech gap )  
di s perse across  the boundary .  The den s i ty pattern o f  Eupatorium 
rugosum seeds i n  the soi l throughout the s tudy s i te suggests that 
d i s persal i s  occurri ng from the Cl i ngman • s  Dome Road . 
The seed banks of  both commun i ti es conta i ned seeds of early 
s uccess i onal  spec i es suc h  as Betul a l utea , Eupator i um rugosum , Prunus 
pensyl vani ca , Sambucus pubens , a nd Potenti l l a s impl ex . The presence 
of these seeds wou l d probab ly  ensure vegetati on recovery after a 
d i s turbance . 
As wi th other seed bank stud ies , i t  was found that the seed 
bank l acked seeds of woody s peci es . I n  contrast  to other stud i es ,  
however , these seed banks s howed a h i gh s imi l ar i ty wi th the over lyi ng  
vegeta tio n ,  part i cu l arly w i th the herbaceous vegetati o n .  Th i s  
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s imi l ari ty i s  the resul t of  the absence of major di sturbed weedy seed 
source areas . 
Rec i procal averag i ng ,  c l u ster  analys i s , and d i scr imi nant 
a na lys i s  were a l l effecti ve i n  d i sti ngui s h i ng the beech gap seed ban k  
from the s pruce s tand seed ban k .  Rec i p rocal averag i ng demonstrated a 
vegetation gradi ent i n  the beech gap seed bank  that i s  h i gh ly  
corre l a ted wi th the  sampl e s l ope pos i ti on .  Th i s  seed ban k  gradi ent  i s  
presumed to be caused by a herbaceous vegetat ion  grad i ent where p l a nt  
popu l a t i ons a re respondi ng to  a moi s ture grad i en t .  Reci procal 
averag i ng gave un i nterpretab l e gradients i n  the spruce stand seed 
ban k .  
Evi dence o f  Betul a l u tea a nd P i cea rubens seed d i s persal i n to 
the beech gap s uggests that the spruce stand has the poten t i a l  to 
i nvade the beech gap ,  al be i t  s l owly  i n  l i ght of Ful l er ' s  ( 1 977 ) 
resul ts a nd the errat ic  seed crops l i ke ly  a t  these el eva ti ons . lack 
of h erbaceous spec i e s  seed exc hange i s  l i kel y caused by the prevai l i ng  
wi nd d i rectio n ,  reduced wi nd s peed , frequent orograph i c  prec i pi tat ion , 
the l ow number of spec i es exh i b i t i ng anemoc horous d i spersal a nd the i r  
l ow s ta ture . These resu l ts suggest that herbaceous p l a nt  m igrat i o n  
may be s l ow .  Perhaps the h i g h  el eva ti on beech gaps wi l l  res i s t  
encroachment from Pi cea rubens for a l ong t ime .  
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APPENDI CES 
APPEND I X  A 
SUMMARY OF CALCULATED D I VERS ITY I ND ICES 
Tab l e 1 5 . D i vers i ty Compari sons Between Beech Gap and Spruce Stand 
Seed Ra i n  for Each Trap Type . 
Sti cky Trap Grav i ty Trap 
D i vers i ty I nd i ces Beech G .  Spruce S .  Beech G .  Spruce S .  
Spec i es R i chness 
S impson ' s  I ndex 
Shannon-Wi ener 
I ndex 
2 + 1 5 + 2 * 3 + 1 
0 . 48 + 0 . 1 6  * 0 . 83 + 0 . 1 5  0 . 48 + 0 . 1 3  * 0 . 79 + 0 . 1 8  
0 . 4 1 + 0 . 1 7  * 0 . 1 3 + 0 . 1 2 0 . 43 + 0 . 1 2  * 0 . 1 7  + 0 . 1 3  
AMean  + standard dev i a t i on .  *S i gn i fi cant d i fference at P = 
0 . 000 1 between the seed ra i n  from the two p l ant commun i t i es .  
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APPEND IX  B 
PHENOLOGY OF  SEEDING EMERGENCE 
Tabl e  1 6 .  Proporti ons of Germi nants by Spec i es Emerg i ng per Peri od from the December Seed Bank . 
SEec i es 
Ange l i ca triqu i nata 
Aster spp . 
Barbarea vu lgari s 
Betul a l utea 
� B l eEh i l i a h i rsuta 
-- Caca l i a  ruge1 i a  
Carex i ntumescens 
Carex Eensyl van i ca 
C l ayton i a  v i rgi n i ca 
C uscuta gronov i i  
Dentari a d i Ehyl l a  
D i centra cucul l ar i a  
D i ervi l 1 a  sess i l i fol i a  
Erechti tes h i erac i fo1 i a  
Erythron i um ameri canum 
EuEatori um rugosum 
H i era c i um Ean i cu l atum 
Hous ton i a  serEyl l i fol i a  
HyEeri cum perforatum 
Impati ens pa l l i da 
Lactuca s p .  
Laportea canden s i s  
Luzu l a  ech i nata 
1 2 
4% ( 1 ) b 29% ( 7 ) 
67% ( 53 ) 
1 % ( 6 ) 2% ( 1 5 ) 
1 7% ( 1 2 ) 
1 3% ( 2 ) 
l % ( 3 ) 6% ( 38 ) 
25% ( 2 1 7 ) 45% ( 388 ) 
1 3% ( 9 ) 54% ( 1 3 ) 
40% ( 2 ) 
60% ( 1 5 ) 28% ( 7 ) 
34% ( 21 ) 59% ( 36 ) 
1 % ( 7 ) 1 7% ( 1 02 ) 
1 %  ( 1 ) 
3% ( 2 ) 54% ( 33 ) 
3% ( 7 ) 24% ( 49 ) 
Weeks a 
3 4 5 Total s 
33% ( 8 ) 1 7% ( 4 ) 1 7% ( 4 ) 24 
62% ( 5 ) 25% ( 2 ) 1 3% ( 1 ) 8 
1 4% ( 1 1 ) 1 8% ( 1 4 ) 1 %  ( 1 ) 79 
50% (453 ) 30% ( 273 ) 1 7% ( 1 49 ) 898 
56% ( 40 ) 7% ( 5 ) 2 1 % ( 1 5 ) 72 
1 3% ( 2 ) 1 3% ( 2 ) 62% ( 1 0 ) 1 6  
40% ( 258 ) 35% ( 223 ) 1 9% ( 1 20 ) 624 
35% ( 1 7 ) 37% ( 1 8 ) 28% ( 1 4 ) 49 
20% ( 1 75 ) 4% ( 37 ) 6% ( 50 ) 867 
27% ( 1 9 ) 6% ( 4 ) 70 
40% ( 2 ) 20% ( 1 ) 5 
1 2% ( 3 ) 25 
1 00% ( 1 6 ) 1 6  
1 00% ( 1 ) 1 
7% ( 4 ) 6 1  
22% ( 1 33 ) 27% ( 1 62 ) 33% ( 1 99 ) 603 
1 00% ( 6 ) 6 
23% ( 44 ) 33% ( 63 ) 43% ( 83 ) 1 9 1  
1 00% ( 2 ) 2 
39% ( 24 ) 2% ( 1 ) 2% ( 1 ) 6 1  
1 00% ( 1 ) 1 
33% ( 67 ) 1 7% ( 35 ) 1 8% ( 37 ) 202 
42% ( 5 ) 33% ( 4 ) 25% ( 3 ) 1 2  
Tab l e  1 6 .  ( Conti nued ) 
Speci es 
Oxa l i s  montana 
Oxydendrum arboreum 
Phace1 i a  f imbri ata 
Pl antago major 
Poa al sodes 
Poaceae 
Po1 ygonum erectum 
Potenti 1 1 a  s impl ex 
Prenanthes a 1 t i s s ima 
Prunus pensyl vani ca 
Rubus canadens i s  
Rumex acetosel l a  
Sambucus pubens 
Sol i dago spp . 
Stachys cl i ngman i i  
Ste1 l ar i a  pubera 
Taraxacum off i c i nal e 
Vacc i n i um er�throcarpum 
V i o l a  pa 1 1 ens  
V i o l a s p .  
Un i denti fi ed 
1 
3% ( 4 )  
1 6% ( 1 9 )  
1 % ( 2 )  
6% ( 6 )  
4% ( 3 )  
2 1 % ( 8 )  
7% ( 1 ) 
Weeks a 
2 3 4 
47% ( 54 )  1 9% ( 22 )  1 9% ( 22 )  
34% ( 4 )  
1 00% ( 1 )  
1 00%( 1 ) b 
58% ( 1 1 1 9 )  7%( 1 29 )  
67% ( 78 )  9% ( 1 0 )  1 % (  1 )  
6% ( 2 )  72% ( 23 )  1 9% ( 6 ) 
5% ( 23 )  43% ( 1 94 )  43% ( 1 9 1 ) 
79% ( 342 ) 1 5% ( 63 )  2%( 1 0 )  
86% ( 6 )  
45% (  47 ) 26% ( 2 7 )  1 0%(  1 1 )  
28% ( 20 )  49% ( 35 )  1 1 % ( 8 )  
62% ( 24 )  8% ( 3 )  
64% ( 9 )  7% ( 1 )  1 4% ( 2 )  
5% ( 29 )  27% ( 1 62 )  48% ( 289 ) 
20% ( 3 )  40% ( 6 )  7%(  1 )  
aThe weeks  are defi ned at the bottom of Tab l e  1 0  on page 1 00 .  
5 Total s 
1 1 % ( 1 3 )  1 1 5  
66% ( 8 )  1 2  
1 00%( 252 ) 252 
1 
1 00% ( 1 )  1 
1 00% ( 78 )  78 
1 
35% ( 678)  1 926 
7% ( 9 )  1 1 7 
3%( 1 )  32 
8% ( 38 )  448 
4% ( 1 8 )  433 
1 4% ( 1 )  7 
1 3% ( 1 4 ) 1 05 
7%( 5 )  7 1  
1 0% ( 4 )  39 
1 4% ( 4 )  1 4  
1 00% ( 5 )  5 
20% ( 1 2 1 ) 601 
26% ( 4 )  1 5  
1 00% ( 6 )  6 
bThe percentages are the proporti on of al l the seeds germi nati ng duri ng each week . 
numbers i n  parentheses are the actual numbers of germi nants that emerged duri ng the week . 
The <J1 N 
Tab l e  1 7 .  Proporti ons of Germi nants by Spec i es Emerg i ng per Peri od from the March Seed Bank . 
S�eci es 
Angel i ca trigu i nata 
Betu l a  l utea 
Carex i ntumescens 
Carex �ensxl vani ca 
C l ayton i a v i rgi n i ca 
Cuscuta gronov i i  
Dentari a d i �hy1 1 a  
Erythroni um ameri canum 
Eupatori um rugosum 
Gnapha 1 i um sp .  
Houston i a  serpy1 1 i fo1 i a  
Hy�eri cum �erforatum 
Impat ien s  pa 1 1 i da 
Laportea canadens i s  
Oxydendrum arboreum 
Phace l 1 a  f 1mbr1 ata 
Poaceae 
Prenanthes a 1 t i ss ima 
Prunus  pensy 1 van i ca 
Rubus canadens i s 
Rumex acetose1 1 a  
Sol i dago spp .  
1 2 
1 1 % ( 1 )  6 7% ( 6 )  
7% ( 6 )  28% ( 24 )  
9% ( 1 3 )  39% ( 57 ) 
42% ( 487 ) 41 % ( 478 )  
38% ( 3 )  1 2% (  1 )  
50% ( 1 ) 
50% ( 1 1 )  50% ( 1 1 )  
3% ( 1 6 )  3 1 % ( 1 68 )  
2 % (  1 )  
52% ( 1 7 )  45% ( 1 5 )  
22% ( 1 6 )  47% ( 35 )  
59% ( 1 9 )  3 1 % ( 1 0 ) 
33% ( 1 )  33% ( 1 )  
1 0% ( 1 3 )  30% ( 40 )  
1 00% ( 1 )  
1 4% ( 28 }  70% ( 1 46 )  
Weeks 
3 4 5 Total s 
1 1 % ( 1 )  1 1 % ( 1 ) 9 
45% ( 39 )  6% ( 5 )  1 5% ( 1 3 )  87 
25% ( 36 )  1 1 % ( 1 6 )  1 6% ( 23 )  1 45 
1 00% ( 1 1 )  1 1  
1 4% ( 1 66 )  2% ( 23 )  1 % ( 5 )  1 1 59 
1 2% ( 1 ) 1 2% ( 1 )  25% ( 2 )  8 
50% ( 1 )  2 
22 
27% ( 1 48 }  9% ( 47 ) 30% ( 1 59 )  538 
1 00% ( 3 )  3 
32%( 2 1 ) 1 5% ( 1 0 )  52% ( 34 }  66 
1 00% ( 2 )  2 
3% ( 1 )  33 
1 1 % ( 8 )  1 4% ( 1 0 )  7% ( 5 ) 74 
1 00% ( 2 )  2 
1 %  ( 1 ) 99% ( 1 70 )  1 7 1 
40% ( 2 )  60% ( 3 )  5 
6% ( 2 )  3% ( 1 )  32 
33% ( 1 )  3 
46%( 6 1 ) 8% ( 1 0 )  6% ( 8 )  1 32 
1 




Tab l e  1 7 .  (Conti nued ) 
Spec i es 
Stachys c 1 i ngman i i 
Stel l ar i a pubera 
Taraxacum offi c i na l e  
V i  o 1 a pa 1 1  ens 




22% ( 5 )  
4 1 % ( 1 6 )  
1 % (  1 )  
30% ( 7 }  
2 
52%( 1 2 )  
33% ( 1 3 ) 
33% ( 1 )  
25% ( 1 58 )  
82% ( 9 )  
65%( 1 5 ) 
Weeks 
3 4 
22% ( 5 )  4% ( 1 ) 
1 0% ( 4 )  5%( 2 )  
67% ( 2 )  
45% ( 283 ) 4% ( 23 )  
1 8% ( 2 )  
1 4% ( 1 )  
4% ( 1 )  
aThe weeks are defi ned at the bottom of Tab l e  1 0  on page 1 00 .  
5 Tota l s 
23 
1 0% ( 4 )  39 
3 
25% ( 1 59 )  624 
1 1  
86% ( 6 )  7 
1 00% ( l ) b 1 
23  
bThe percentages are the proporti on of al l the seeds germi nati ng duri ng each week . The 
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